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I. SUMMARY 

During the  past  year, t h e  Mark IV, i n  s i t u  model of Gulliver - -J 

w a s  designed, fabricated and  tested.  Th i s  f e a s i b i l i t y  model, shown i n  

the  Frontispiece,  i s  a truncated cylinder measuring 1.187 inches i n  

diameter and 2.250 inches i n  length. 

excluding the  umbilical cord connecting it t o  the  main capsule. Con- 

cluding t h e  yea r ' s  e f f o r t ,  a f i e l d  tes t  of the i n  s i t u  instrument was 

performed a t  Reston, Virginia .  A highly favorable, e a r l y  response was 

obtained. 

The weigbt of t he  unit i s  81 grams 

-- 

&spi te  the  good resul ts  of the f i e l d  test ,  the ir, s i t u  -- 
concept was demonstrated t o  possess a s e n s i t i v i t y  exceeding t h a t  of the  

current i n  s i t u  instrument by approximately 2-112 orders of magnitude. 

An account i s  given f o r  t h i s  loss of s e n s i t i v i t y  which i s  a trade-off 

fo r  various advantages i n  r e l i a b i l i t y ,  s implici ty  and weight-saving 

aspects  of t h e  instrument. 

-- 

A s t a t i s t i c a l  summary fo r  t h e  e n t i r e  five-year Guiliver program 

i s  presented. 

those i n  which mechanical f a i l u r e  or contamination of t he  controls  occmred, 

are included i n  the  summary. This represents a highly conservative over- 

view of t he  program i n  t h a t  t h e  data  obtained durlng the  developmental 

s tages  of t h e  media and r e s u l t s  obtained w i t h  d i f f i c u l t l y  cu1turab;e 

organisms are incarporated i n t o  the  summary numbers. 

t es t s  made i n  planchets, with the  automatic recorder,  I n  the  anaerablc 

The r e s u l t s  obtained from a l l  tests of a i l  types, exceFCY 

Of a t a t a l  of 1,414 
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cabinet, i n  the  i n  s i t u  instrument and i n  a c t u a l  f i e l d  tests, 1198, or 

approximately 85%) produced tes t  responses exceeding the respect ive con- 

t r o l s  by greater  than a f ac to r  of 4. 

-- 

I n  more than half of t h e  t o t a l  t e s t s  

+L-- +--+ l - .7nl  
b L L C  b C D b  I C V C L  cA.bc€ded t?lz cofitrol l e r e l  by a fac ts r  of 3, or 

greater ,  within the  f i r s t  hour of t h e  experiment. 

A number of recommendations concerning the  Gulliver experiment 

and instruments mde. These recommendations a re  based on the t o t a l  

experience of the  Guliiver program. 

fu r the r  development i n  whatever manner the planetary exploration 

program evolves. 

It i s  hoped they w i l l  f a c i l i t . a t e  

1-2 



11. 310LOGICAL IHVESTIGATION 

IN SITU SUPPORT 

A large portion of the  t o t a l  program e f f o r t  t h i s  year was devoted 

-- A .  

t o  the  development of the  -- i n  s i t u  Gulliver instrument, Frontispiece.  

the  instrument was being developed and fabricated,  the  data  upor, which it 

While 

had e a r l i e r  been predicated were re-examined and investigated i n  greater  

depth. Previous repor t s  (1,2) had established the  f a c t  t h a t  t he  d i r ec t  

appl icat ion of labeled medium t o  s o i l  i n  the f i e l d  produced large and rapid 

responses. When such s o i l  was removed t o  the  laboratory and s t e r i l i z e d ,  

planchet t e s t s  produced responses a t  the l e v e l  of medium controls.  

I n  s i t u  t e s t s  were repeated in  l o c a l  f i e l d  s o i l s  a t  Reston, -- 
Virginia.  I n  a t yp ica l  t e s t ,  several  drops of Ydl-C14 Ixiediwx (Table XG. II- 

were pipet ted onto the  undisturbed s o i l  surface.  A one-inch-diameter 

planchet, i n t o  which had been inser ted a paper f i b e r  pad moistened with 

saturated solut ion of barium hydroxide, was immediately inverted over the  

spot .  Fif teen minutes l a t e r ,  the  planchet containing the  pad was removed 

and the  pad, s t i l l  i n  the  planchet, was dried under an infra-red lamp. 

The pad w a s  t ransferred t o  a f r e sh  planchet and i t s  r ad ioac t iv i ty  measured 

i n  an i n t e r n a l  flow counter. 

r a d i o a c t i v i t y  l eve l s  of up t o  250,000 cpm accumulated on the pads. 

During the f i r s t  15 minutes a f t e r  inoculation, 

These high responses again raised the question of possible 

nonmetabolic production of the labeled gas by physico-chemical react ions 

between t h e  s o i l  and the medium. I n  previous t e s t s  of t h i s  poss ib i l i t y  (31, 

1 
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Table 11-1 - Composition of basa l  media 

, Ascorbic acid (g/L) 

I L-cystine (g/L) 

1 Bacto casamino acid (g/L) 

Proteose peptone #3 (g/L) 

soil cA.+rGzt* ( - 3  /r I 

I 

\-AI a/ 

1.000 

0.200 

- 

0 200 

0.100 

- 

- 

- 

- 

- 

- 

A"". 7 n n  nn " V  

7 .2  

1.000 

- 

0.500 

0 * 200 

0 .  io0 

3. GOO 

3 000 

13.000 

0.200 

0.700 

4 000 

20 * 000 

-,-e..-- 9r;n non 

7 .0  

0.063 

- 

0 031 

0.013 

0.006 

0.188 

0.188 

0 .a13 

0.013 

0.044 

0 250 

1.250 

1-5 -600 

7.0 

1.000 

0.188 

0,031 

0.200 

0 100 

0.188 

0.188 

0 813 

0 e 013 

0.044 

0.250 

1.250 

15  .hoo 

609 

+ S o i l  ex t r ac t  i s  prepared by suspending 500 g .  of ai r -dr ied s o i l  i n  300 m l .  H20, 
The mixture i s  autoclaved f o r  one hour, f i l t e r e d ,  a n d  l iquid loss i s  made up t o  
1000 m l .  with water. 
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3 

I 

I 
heat s t e r i l i z a t i o n  of t he  s o i l  and subsequent radioact ive t e s t i n g  had I 

I 

given evidence t h a t  the reac t ion  was metabolic. However, it seemed 
I 

I 
conceivable t h a t  the  severe heating cycles may have altered the char- I 

I 

I 

actei. oT LL- bile -...*-I Acecjrdfng>y, t h i s  t h e  anskher apprnach t o  invest igate  

whether or not t h e  gas was of metabolic or ig in  was made. 

I n  t h i s  s e r i e s  of t e s t s , t h e  geometry of t he  -- i n  s i t u  m o d e l  was 

simulated so t h a t  t he  experiments might serve the  fu r the r  use of of fe r -  

ing  a comparison between t h e  i n  s i t u  instrument and the planchet col lect ion 

method. Accordingly, instead of one-inch-diameter planchets as previously 

used, one-half-inch-diameter piariciiets were Used snd f l t tec? with me-half-  

-- 

I I inch-diameter paper f ibe r  pads f o r  gzs col lect ion.  A s  a fu r the r  simulation 

of t he  instrument, the  co l lec t ion  planchets were elevated one inch above ~ 

the  growid surface on o,ri le-haif-Fnch-dia~~ter hollow cyl inders .  AII undis- 

turbed soil patch a t  Reston, Virginia  was selected as the  tes t  s i t e .  

Onto one spot,  1 .0  m l .  of Bard-Parker antimetabolite was pipet ted.  The 

l i qu id  w a s  permitted t o  percolate and air-dry f o r  15  minutes. 

0.25 m l .  of Mll-C14 was placed on the  same spot.  

I 

Then 

A second spot w a s  imme- 
I 
I 

d i e t e l y  i c w ~ z l z t d  with Qw2g mL. nf Mll-C14. The one-inch-high, one-half- 

inch-diameter, hollow cylinders were then placed over t he  two inoculated 

spots  and t h e  t o p  of t h e  cylinders immediately capped with inverted one- 

half -inch-diameter planchets containing barium hydroxide ge t t e r  pads. 

A f t e r  an elapsed time of only one minute, each col lect ion planchet w a s  

replaced with a f r e sh  one. 

elapsed times of 15, 30, 45, 60, 120 and 180 minutes. These were 

Subsequent gas col lect ions were made a t  t o t a l  

11-3 



15-minute col lect ions beginning a t  t he  indicated times, except f o r  t he  

15-minute observation for which the  col lect ion period was 14 minutes. 

The r e s u l t s  are compared i n  Figure N o .  11-1. Suff ic ien t  gas was deposited 

on the  planchet pad t o  produce a r a d l o a c t l v l t y  cc7m+_ of 197'8 c p ~  w i t h i n  

the  f i r s t  minute of the  experiment. In  the  same minute, t he  s o i l  which 

had been pretreated with the  antimetabolite produced only 20 cpm. The 

r e s u l t s  c l ea r ly  confirm the  metabolic nature of t h e  response and again 

demonstrate the  r ap id i ty  and sens i t i v i ty  of t he  i n  s i t u  approach. The 

maximum r a t e  of gas production occurred within the  f i rs t  minute of the  

experiment and it i s  of considerable sc i en t i f i c  i r l ierest  that pos i t ive  

evidence f a r  microbial l i f e  i n  s o i l  had been establ ished i n  t h i s  short  

period. 

-- 

The production of C"G2 was s e v r ~  -------' c ~ >  - cur ta i led  a f t e r  30 minu.tes. 

Substrate l imi ta t ion  might have caused t h i s .  One reason f o r  the  l i m i t a -  

t i o n  of avai lable  substrate  might be i t s  physical  removal by percolation 

t-bough t h e  s o i l .  Perhaps a more viscous medium would overcome t h i s  

problem. Methyl ce l lu lose  w a s  selected t o  increase v iscos i ty  of the  

mediuu. 1wu~u.u "7 n K n - n 1 k  u- 7 . 0 -  wuo uurrALyL----I - ~ ~ n n l o m o n + e i i  w i t h  0.0, 0.1, 0.5 and l.O& Dow 

Methocel (standard grade, methyl cellulose,  type MC, 4000 c t s  v i scos i ty ) .  

I n  s i t u  and planchet dsterminations were made using 0.5 m l .  of each 

medium preparat ion with Washington, D ,  C . ,  s o i l  and with Escherichia -, c o l i  

respec t ive ly .  I n  the  i n  s i t u  tests, somewhat enhanced responses were 

obtained from the  medium preparations containing the  Methocel as seen i n  

Table N o .  11-2. However, i+, i s  n9t believed tha t  t he  advantage gained i s  

-- 

-- 
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Table 11-2 - Influence of methyl cel lulose on i n  s i t u  and -- 
planchet determinations 

Escherichia c o l i  - 

Washington, D.  C .  S o i l  
100 mg. 

Washington, D. C .  S o i l  

m E  SF 
DETERMINA- METHYL 

T I  ON CELLULOSE NET RADIQACTIVITY (CPM) 
Successive Incubation Periods (hr r 

Planchet 

Plane he t 

Planchet 

I n  situ -- 

0.0 

0.1 

0.5 

1.0 

0.0 

0.1 

1.0 

0.0 

0.1 

0.5 

1.0 

0.0 

0.1 

0.5 

1.0 

11-6 

1 

68 

67 

43 
1. 0 w 

92611 

95 5 72 

80259 

32627 

27045 

31527 

26384 

41114 

5 5812 

59499 

68614 

2 

41 

35 

41 
-Q 
J" 

32491 

30451 

23904 

38 028 

332 36 

28906 

30810 

11182 

13876 

14601 

15506 

3 

53 

52 

44 

gc! 

15448 

13040 

10009 

44920 

42 367 

31566 

32019 

6429 

10039 

9980 

9815 



-- 
su f f i c i en t  t o  warrant confining the  medium t o  the  surface of the  soil i n  

view of t h e  speculation t h a t  t he  highest populations of microorganisms 

on Mars might l i e  beneath t h e  surface.  

B. MEDIUM DEVELOPMENT 

1. &sal Media 

The Fourth Annual Progress Report (1) discussed the  development 

This of t h e  medium designated a s  M l O  f o r  use i n  the  Gulliver experiment. 

medium was a 16-foia d i lu t ion  of an organically complex medium, M5, a l s o  

developed during t h i s  program. I n  comparative tests, data  obtained with 

Mi0 and tne  various Lest specks m d  SGCS were generally as g o d  ~r 

b e t t e r  than r e s u l t s  obtained with the  simple medium (plus s o i l  e x t r a c t )  

designated Mg . The ivE0 apparently sG2plied the  cmplex organic require-  

ments of some species without imposing these compounds i n  concentrations 

high enough t o  i n h i b i t  other organisms. 

of general  response. 

The ne t  e f f e c t  was an enhancement 

During t h i s  year, fur ther  improvement i n  response was sought. 

Water had been used as the di luent  i n  preparing M l O  from M5. 

achieved t h e  desired reduction i n  the  concentrations of t h e  organic com- 

pounds, but  it w a s  f e l t  t h a t  t h i s  might have reduced the  iqn a c t i v i t y  of 

the  medium t o  the  point where the microorganisms might suffer  osmotic 

shock. Accordingly, a se r i e s  of experiments w a s  performed i n  which a 

This 

modified M l O  was prepared by d i lu t ing  M5 with M9, the  simple medium, 

r a the r  than  with water. The r e su l t i ng  medium was designated M U .  The 

11-7 



-- 
compositions of M9, M5, M l O  and Ml1 a r e  shown i n  Table No. 11-1. Table 

No. 11-3 presents t he  C 1 4  subs t ra tes  i n  the amounts added t o  t h e  media f o r  

t h e  tes t  purposes. 

The results af tests canparing M5; M l O  and Ml1 i n  planchet 
I 

determinations a re  given i n  Table No. 11-4. E. c o l i  and t he  microbial 

populations of Blacksburg, Virginia and E l  Centro, Cal i fornia  s o i l s  

produced the  grea tes t  i n i t i a l  responses with the Ml1 medium. I n  each 

case, peak gas production occurred e a r l i e s t  with the  Ml1, demonstrating 

t h a t  i t s  labeled subs t ra tes  were most readi ly  metabolized. 

- -  

Having improved s e n s i t i v i t y  tkaug!! the  w e  of M11, fur ther  

e f f o r t s  with it were made i n  an attempt t o  shorten t h e  normal l a g  period 

preceding exponential growth of s o i l  populations. 

but no t  as extensive as, those, conducted i n  the  development of t h e  

e a r l i e r  media  were performed t o  determine the  influence of substrate  con- 

cent ra t ion  on response. The s o i l  selected f o r  these t e s t s  was from the  

Blacksburg, Virginia sample which, on a previous t e s t ,  had demonstrated 

e a r l y  metabolic a c t i v i t y  but a prolonged l a g  period. Standard planchet 

~ ? e t e r m i n a t i n n s  (1) w e r e  Ferformed using M U  medium with the  substrates  

shown i n  Table No.  11-3 except t h a t  the concentration of labeled glucose 

w a s  var ied from one-half normal t o  twice normal. 

Figure N o .  11-?,revealed a five-hour lag period except f o r  the  one-half 

normal glucose medium i n  which l a g  persisted f o r  12 hours. 

normal and twice normal glucose concentrations resu l ted  i n  the  same lag,  

it does not  seem t h a t  increased substrate concentration can reduce the  

Tests similar to ,  

The d a t a  obtained, 

Since the 
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Table 11-3 - Cl4 substrates  used i n  Gulliver media development. 

Cl4 SUBSTRATES 

Sodium formate 

D-gluc ose -U . L. 

DL-sodium l ac t a t e -1  

Glycine-1 

mM u c / d  $ (w/v) - SP. ACT. (mc/mM) 

20.0 

3.6 

5.5 

5.1 

0.25 

0.36 

0.24 

0.22 

5.0 

1 .3  

1 .3  

1 . 3  

0.002 

0.006 

0.002 

0.002 
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Table 11-4 - Comparison of Media M5, MlO,  and M11 

PLSlNCKET DEITBMINATIONS 

INOCULA 

Escherichia 
c o l i  

6 2 x 10 c e l l s  

Blacksburg, 
Virginia S o i l  - 
100 mg. 

- E l  Centro, 
Cal i fornia  S o i l  - 
100 mg. 

SUCCESSIVE NET RADIOACTIVITY - CPM 
INCUBATION 
PERIODS* C l 4  Media* (0.5 m l . )  
(hours) 

M 5  M10 

1 9522 ~€881  
3 29499 4l549 
5 79596 54154 

24 342 1 363 

1 806 15  39 
3 947 1816 
5 855 2171 

24 7271 3420 

1 6449 8007 
3 8147 13369 
5 12843 24411 

24 471 7 1544 

* Cl4O2 co l lec t ion  time - 15  minutes following each incubation period 

+-x subs t ra tes  - (formate, glucose, l ac ta te ,  glycine)-C 14 

M U  

17425 
49607 
57820 

308 

18 58 
2187 
22 38 
1870 

15737 
18128 
32179 
1168 
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10 

Responses from Blacksburg, ginia, s o i l  in  
additionally buffered MU-C” (labeled formate, 
glucose, glycine, and lactate) medium contain- 
ing one half, narmal, and twice n-1 
concentrations of labeled glucose 

3 5 7 18 
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-- 
l a g  period t o  less than f i v e  hours with t h i s  s o i l .  

hour the  metabolic response from a l l  three concentrations of subs t ra te  

was more than 10 t i m e s  t he  inhibi ted control leve ls .  

However, within one 

This t x ~ e ~ . i ~ e f i t  also c a n f i r ~ e d  t hz t  t he  nnr~KL gliucose concen- 

t r a t i o n  determined previously i n  the  program was a l s o  optimum f o r  M l l .  

Accordingly, no fur ther  s tudies  were made t o  reconfirm the  optimum leve l s  

of formate, glycine and l a c t a t e  i n  t h e  Ml1. 

Stotzky and Norman (4-6) investigated substrate  concentration, 

nitrogen, phosphorus and sulfur as l imi t ing  f ac to r s  i n  the  production of 

C@ from s o i l .  

t h e  very e a r l y  k ine t i c s  of C02  p r d u c t i o n .  

e a r l y  e f f e c t s  of varying the  n i t r a t e  and phosphate concentrations i n  

the Gulliver experiment. 

phosphate were added t o  normal Mll-Ci4 medium: 

IIowever, t h e i r  methods d l d  not permit inves t iga t icn  of 

It was decided t o  study t h e  

The following complements of n i t r a t e  and 

1 2 3 4 - 5 

K2m0.4 (g/L) 1.000 2.000 2.000 1.000 0 

"4N03 (g/L) 1.190 0.380 0.190 0.380 0 

mo3 k / L )  0.031 0.062 0.031 0.062 0 

I n  t h e  event t h a t  the  added nut r ien ts  would induce the  organisms 

t o  change t h e i r  demand f o r  substrate ,  each of the above media w a s  pre- 

pared with one-half normal, normal and twice normal glucose C 14  

concentrations.  Routine planchet determinations were performed with 

I1 -12 
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Blacksburg, Virginia s o i l .  

above t h e  normal Mll-Ci4 responses. 

hours i n  a l l  of the  t e s t  cul tures .  

No advantage was found f o r  any of these  media 

Exponential growth occurred i n  f i v e  

Calcium su l fa te ,  calcium n i t r a t e ,  and manganese su l f a t e ,  not 

previously incorporated i n  the  M l 1  medium, were a l s o  investigated as 

addi t ives .  The following concentrations were placed i n  M U - C ~ ~  media:  

Planchet determinations were made using 0.5 m l .  of each of the  

media and 100 mg. of Blacksburg s o i l  inocula. 

was derived from the  addi t ion of these compounds t o  the  medium. 

No reduction i n  l a g  t i m e  

2.  Nonmetabolic C1409 

A s  previously reported (7),  a few of the many samples of s o i l  

tested from d i f f e ren t  locat ions throughout the nat ion produced some 

C 0 even a f t e r  having been s t e r i l i zed .  A t  t h a t  time, it w a s  found t h a t  

t h e  production of nonmetabolic Cl4O2  from s t e r i l e  s o i l s  placed i n  the  

Gulliver media  occurred i n  s o i l s  of low pH, although a l l  low pH s o i l s  

14 
2 
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I 

14 t es ted  d i d  not produce nonmetabolic C 

other than low pH was indicated.  

9. Thus, it seems t h a t  some f ac to r  

During t h i s  year, i n  an attempt t o  f ind  

t h i s  fac tor ,  a series of experiments was performed t o  tes t  the  possible  

_I L l r l i c a t i ~ a  -* cf v a r i s ~ ~ s  cQmponents i n  the  Gulliver react ion:  t he  labeled 

substrates ,  the  planchet material ,  the  antimetabolite,  and the  p o s s i b i l i t y  

t h a t  spores i n  the  s o i l  survive the  r epe t i t i ve  autoclaving process. I n  

essence, t h e  r e s u l t s  confirmed those of the  previous report  (7) without 

shedding much addi t iona l  l i g h t  on t h e  subject:  1. buffer ing of the  

medium eliminated or considerably reduced the  nonmetabolic evolution of 

C 02, 2. t he  formate and glycirre were t h e  primary sources of t h e  non- 

metabolic Cl4O2,  

14 

3. the  planchet mater ia l  did not seem t o  contr ibute  

s ign i f i can t ly  t o  the  problem although the r e s u l t s  obtained with aluminum 

planchet s showed s l i g h t l y  hi@er l eve l s  of nonmetabolic C1402 evolved 

than those obtained when p l a s t i c  planchets were used. 

During the  course of t he  Gulliver program, approximately 50 

d i f f e r e n t  s o i l s  have been t e s t ed .  

determined. Seven were of pH 5.5 or l e s s .  Three of these seven, Alaska, 

The pH's of many, but not a l l ,  were 

9-rrm-1; Alaska; Barrow-2: and New Jersey, Metuchen, produced troublesome 

l e v e l s  of nonmetabolic Ci402 during the t e s t .  

Orange, Virginia,  produced lower, but detectable,  l eve l s  of nonmetabolic 

Another of t he  low pH so i l s ,  

Even when buffer i s  not added t o  the  medium t o  overcome t h i s  

problem, the  differences between r e s u l t s  from the  t e s t  a n d  control  por- 

t i o n s  have been s igni f icant .  S t i l l ,  a b e t t e r  understanding of t h i s  

phenomenon i s  des i rab le .  

11-14 
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3. Pref l igh t  S t e r i l i z a t i o n  of Media 

The National Aeronautics and Space Administration has prescribed 

dry  heat a t  145' C.  f o r  th ree  36-hour cycles f o r  p re f l igh t  s t e r i l i z a t i o n .  

Tine e f f e c t  of such a s t e r l l l za t lGn  prcctess on the GiiLliver media must be 

known. Four media, Mg, M5,  M l O  and M U ,  each containing the  formate- 

glucose - l a c t a t e - g 1 y ~ i n e - C ~ ~  substrates ,  were f r e sh ly  prepared. m e  - 
m i l l i l i t e r  a l iquots  of each were placed i n  g lass  v i a l s ,  heat sealed, 

subjected t o  the  prescribed heat cycles, and placed i n  s torage.  A t  such 

time as may be desired,  the contents can be t e s t ed .  

C .  TEST MICROORGANISMS Aim RESPGNSES 

1. Test Collection 

All of the  stocK cultures obtained and maintained during the  

course of the  space program were examined, sub-cultured, and catalogued. 

The s o i l  co l lec t ion  w a s  a l s o  checked and placed i n  storage.  

2. Anaerobic Determinations 

Because of the  possible importance of anaerobic organisms on 

Mars, 38 anaerobic determinations were made t h i s  year on Clostridium 

p e r f r  ingens, Clostridium t etanomorphun;, Clostridium spor ogenes and 

DeSulf ov ibr io  desulfuricans i n  Gulliver media. A l l  four  organisms 

responsed i n  M9 and M l 1 .  Growth occurred i n  17 t e s t s ;  metabolism i n  

11 tests .  The remaining 1 0  were invalid due t o  mechanical malfunction- 

ing  of t h e  automated anaerobic chamber, or because of contamination of 

t he  cont ro ls .  Typical growth responses a re  presented i n  Table No. 11-5. 
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3. Spores 

Rapid chemical germination of spores has been reported (8). 

An e f fo r t  t o  induce such ea r ly  germination by adding n-Dcdecylamine 

[C!E3(CH2\ '10 **2-*-2 

g lob ig i i  was made. 

f o r  periods of one, two, three,  and f i v e  minutes, f i l t e r ed ,  washed 

with unlabeled Ml1 medium, and suspended i n  Mll-Ci4 f o r  planchet 

determinations. No apparent benefi t  was derived from the  use of 

t he  Dod e cylamine . 

Cn-lm- ] tc! s p r e  siispensions of Baci l lus  s u b t i l i s  var .  

The spores were exposed t o  0.00006 M Dodecylamine 

E. F I E I 3  TEST OF IN SITU IYIS%TmT -- 
Because of e lec t ronics  problems encountered, completion of 

the f e a s l t f l i t y  nodel of t h e  i n  s i t u  instrument took longer than 

an t ic ipa ted .  The yea r ' s  e f fo r t  was concluded with a f i e l d  t e s t  of the  

-- 

instrument on a patch of bare, undisturbed ea r th  near t he  Life Systems 

Division laboratory a t  Reston. The r e s u l t s  of t h i s  t es t  are presented 

i n  Figure No. 11-3. The t e s t  was begun a t  approximately 10  a.m. during 

a s l i g h t  d r i z z l e .  Within one hour, the 

1 

I 

The a i r  temperature was 21' C .  

response exceeded 2000 cpm and rose t o  5000 cpm a t  the f i f t h  hour. A s  

shown on the  curve, numerous readings were taken. The smooth shape of 

t h e  curve t e s t i f i e s  t o  the  s t a b i l i t y  of t he  instrument 's  counting system 

during t h e  t e s t  p e r i d .  

no con t ro l  was run with the  t e s t .  

Inasmuch as only one instrument was completed, 

Section 11, A, repor t s  on i n  s i t u  type tes ts  using one-inch 

planchets  with pads inser ted f o r  gas col lect ion.  They e l i c i t e d  
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-- 
considerably higher responses than did t h i s  f i e l d  t es t  of t he  instrument. 

The t y p i c a l  example reported resu l ted  i n  a r ad ioac t iv i ty  l e v e l  on the 

barium hydroxide pad of 250,000 cpm only 1 5  minutes a f t e r  t he  medium had 

L-rrr, ucG;II depzsited cn the  gromd. This, compared t o  t h e  approximately 450 cpm , 

detected by the  instrument after the  f i rs t  15 minutes of t he  experiment, 

shows an advantage of 556-fold f o r  t he  planchet experiment. While these 

two experiments were not run simultaneously or on adjacent spots of ground, 

similar advantage f ac to r s  f o r  the  planchet t e s t s  were obtained i n  the  ea r ly  

periods of incomplete tes ts  i n  which both systems were operated comparatively. 

- Tnis f o r f e i t  Ln s e n s i t i v i t y  can r ead i ly  be accounted f o r  by known 

f a c t o r s .  The one-inch planchet has four t.i_mes more ge t t e r  area and d i f -  

fusion path cross sect ion area than the  instrument. The geometry f ac to r  

between t h e  one-half-inch-dimeter planchets and the  instrument was de te r -  

mined t o  be a fac tor  of two, due t o  the longer diffusion path length i n  

the  instrument i n  which the  geiger tube s i ts  higher above the  ground than 

d o e s  t he  gas col lect ion pad i n  the  planchet. Measurements comparing the  

i n  s i t u  counting system (reading t h e  through the  ge t t e r  and t he  mica 

w i n d n w )  t o  the Nuclear-Chicago flow counter i n  which the  planchets were 

read showed an advantage of 40-fold for  t he  l a t t e r .  

ments made i n  which the  instrument type b a f f l e  was interposed between the  

s o i l  and t h e  ge t t e r  i n  one-half-inch planchets showed a fu r the r  reduction 

of 2.5-fold.  These f ac to r s  can account f o r  a t o t a l  difference i n  sensi-  

t i v i t y  between the  planchet method a n d  t he  i n  s i t u  instrument of 

-- 

Final ly ,  measure- 

-- 
4 x 2 x 40 x 2.5 = 800. 
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The planchet tests demonstrate that the  s e n s i t i v i t y  a n d  r a p i d i t y  

of microbial detect ion offered by the  Gulliver method i s  extraordinar i ly ,  

probably uniquely, high. 

hcuLpuLa t i a f i  af t he  przcedlxe i n t o  a n  automated spacecraft  laboratory,  

t he  s e n s i t i v i t y  has been reduced approximately two and one-half orders of 

magnitude. Is t h i s  an excessive sacr i f ice?  A t  t h i s  t i m e ,  the  experi-  

menters bel ieve it i s  not .  The sac r i f i ce  permits the  device t o  be made 

smaller and hence makes possible the  del ivery of a greater number of 

un i t s .  By counting through the  ge t t e r  and geiger counter window, the  

necess i t i e s  for a mechanical ge t t e r  t ransport  system and a n  automatic 

gas valvlng system t c  zperate ar\_ i n t e rna l  flow counter are eliminated, 

r e s u l t i n g  i n  considerably increased r e l i a b i l i t y  for t he  instrument. 

Because of "trade-offsf1 made t o  accommodate 

- ------_.. 

Fina l ly ,  i n  evaluating the  "trade-offs," it must be borne i n  mind t h a t  

t h e  s e n s i t i v i t y  re ta ined by t h e  instrument i s  s t i l l  very high. 

No d i r e c t  comparisons of s e n s i t i v i t i e s  were made between the  

Mark I11 Gulliver and the  i n  s i t u  Gulliver instruments because t i m e  d i d  

not permit reac t iva t ion  of t h e  Gulliver I11 un i t  fo r  simultaneous f i e l d  

t e s t s  w i t . h  t h e  i n  s i t u  model. However, the  approximately 2300 cpm 

achieved by the  i n  s i t u  instrument i n  t h e  f i rs t  hour of i t s  f i e l d  t e s t  

exceeds t h e  one-how values obtained by Gulliver 111 i n  any of t he  

e ight  l o c a l  t e s t s  and four extreme na tura l  environment f i e l d  t e s t s  

reported (2 )  for  t h e  intensive Mark I11 t es t  period and a l s o  exceeded 

the  one-hour r e s u l t  obtained i n  the  s i n g l e  Gulliver 111 t e s t  performed 

las t  year (1). 

-- 

-- 

-- 

The e n t i r e  six-hour record  of t h e  -- i n  s i t u  f i e l d  t e s t  
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exceeded, a t  a l l  points,  the  first s i x  hours of record of nine of t h e  

previously c i ted  13 f i e l d  tests of t he  Mark I11 instrument. 

While the  present "trade-off" posi t ion seems sa t i s fac tory ,  it 

A s  the  state ~f the zrt. of t he  agpropriate i n s t ru -  may not remain so.  

mentation and spacecraft  parameters improves, it should become possible  

t o  add t o  the  s e n s i t i v i t y  of the  i n  s i t u  instrument. -- 
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111. STATISTICAL SUMMARY OF GULLIVER TESTS 

The Gulliver program now concludes i t s  f i f t h  year of development. 

During t h a t  period many changes have occurred i n  methodology, media, and 

instrumentation. A s  had been i n i t i a l l y  proposed, a great many microbial 

species i n  pure cul tures  and i n  mixed populations occurring i n  na tu ra l  

s o i l  have been challenged by the  t e s t .  

cu l tures  of microorganisms of known species, approximately 65 unidentified 

pure cu l tures  isolated from s o i l s  and t h e  mixed populations of micro- 

organisms occurring i n  50 na tu ra l  s o i l s  obtained from many points  i n  the  

Tu'nited S ta t e s  and Alaskz were tested. 

I n  a l l ,  approximately 50 pure 

"he known species of microorganisms have included heterotrophs, 

chemctrophs, phot Gtxphs,  halephiles,  aerobes, f acu l t a t ive  anaerobes, 

anaerobes, spore formers, non-spore formers, thermophiles, iiieso?hiles, 

psychrophiles and halophi les .  

streptomycetes, fungi, protozoa and algae. Field-obtained l ichens have 

a l s o  been tested.  None of these  pure or mixed populations has f a i l e d  t o  give 

a pos i t ive  response i n  M9 or M l O  with labeled substrated.  The Gulliver 

method was modified t o  de tec t  photosynthesis, not only with algae, but a 

photosynthetic response was obtained from Rhodospirillum rubrum when 

grown anaerobically.  The only f a i l u r e  i n  e l i c i t i n g  response occurred 

i n  an attempt t o  de tec t  metabolism of pleuro-pneumonia-like organisms 

(PPLO's) as reported previously (9 ) .  However, despi te  several  attempts 

a t  maintaining these organisms i n  culture,  growth i n  subcultures of t he  

These have been representat ive of bac te r ia ,  

I11 -1 



or ig ina l  stock was not demonstrable by conventional m e a n s .  Hence, t he re  

i s  no way of knowing whether or not t h e  PPLO's i n  the  Gulliver-tested 

cu l tures  were viable  or not.  

%ble ?.!e. 111-1 present.s a s t a t i s t i c a l  summary of a l l  Gulliver 

t e s t s  run e i t h e r  i n  the  f i e l d  or i n  t he  laboratory i n  a l l  stages of devel- 

opment during the  e n t i r e  program. 

" t e s t "  consisted of a s e t  of two t o  three (most commonly th ree )  r e p l i c a t e s  

of a given cul ture  and an equal number of s t e r i l e  control  and/or inhibi ted 

control  r e p l i c a t e s  made with the tes t  medium i n  the  cases of t h e  planchet 

and anaerobic cabiiiet detzrminations. The i n  s i t u  and f i e l d  t e s t s  a r e  not 

as e a s i l y  categorized ic that., i n  some instances,  antimetabolite was 

applied t o  the  control  a t  t he  t i m e  of inoculation of t he  t es t  un i t  whereas, 

i n  others,  the  antimetabolite was applied t o  the  control  un i t  after 

growth became evident i n  t h a t  u n i t .  Hence, t he  right-hand s ide of t h e  

tabula t ion  i s  not applicable fo r  the  i n  s i t u  and f i e l d  t e s t s .  

A t o t a l  of 1414 " t e s t s "  were made.  A 

-- 

-- 
Bearing i n  mind the  f a c t  t h a t  t he  s t a t i s t i c a l  summary includes 

a l l  tes ts  made, those preparatory t o  the f i n a l l y  designed experiments as 

well A S  t h e  experiments themselves, it i s  remarkable that  only i n  128 

instances did the  average response of the t e s t  r ep l i ca t e s  f a i l  t o  exceed 

twice the  average response of t h e i r  controls .  

near ly  

microorganisms.) Ninety-one percent of a l l  the  tes ts  exceeded t h e i r  

controls  by a fac tor  of two or more. Furthermore, 85$ of a l l  t e s t s  

exceeded t h e i r  controls  by a fac tor  greater than four .  

- 

(of these 128 instances,  

a l l  a r e  a t t r i bu ted  t o  preliminary tests with six species of 
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1 -- 
The right-hand s ide of Table No. 111-1 of fe r s  some indicat ion 

of the  t i m e  required f o r  t he  determinations. 

t e s t s  there  i s  shown the  number of hours required f o r  t he  t e s t  cu l tures  

tc exeeed t h e i r  ressec t ive  cfntrals by three-fold.  

a l l  t he  t e s t s  performed, t h i s  a c t i v i t y  l eve l  was a t ta ined  within one 

hour. In  addition, the reason t h a t  t he  three-hour responses are  so 

numerous i s  t h a t ,  i n  the majority of t he  tes ts  reported i n  that  column, 

one- or two-hour co l lec t ions  were not made. 

of the  t e s t s  was it necessary t o  w a i t  longer than f i v e  hours t o  a t t a i n  

three  times the  control  l eve l .  The f i e l d  t , es t s  and i n  s i t u  t e s t s  are 

excluGed f rm t h e  l a t t e r  percentage i n  t h a t  there  are no data  on the  

times a t  which the  t e s t  units exceeded three-fold the  control  l eve l s  

for the  reasons previously c i ted .  

two categories  which were conducted w i t h  simultaneously inoculated tes t  

For each of t he  types of 

I n  more than 5@ of 

I n  approximately only 4$ 

-- 

However, of those t e s t s  i n  the  l a t t e r  

and cont ro l  un i t s ,  and which were read a t  appropriate times, almost 

a l l  qual i f ied within the  five-hour period. 

The numbers of c e l l s  per inoculum producing t h e  results 

va r i ed  widely. I n  the  s o i l  determinations, the ambient populations 

present produced the  responses. A number of t o t a l  bac te r ia  counts were 

made on t h e  s o i l s  and these ranged from 100 c e l l s  t o  1000 c e l l s  per mg. 

of s o i l .  Where s o i l  t e s t s  were run i n  planchets, t he  amounts of s o i l  

used as inocula ranged from 1 . 0  mg. t o  100 mg. In  the t e s t s  made with 

pure cu l tures ,  t he  inocula were varied between several  hundred c e l l s  

and severa l  mil l ion c e l l s  per t e s t .  Details  on many of the spec i f ic  
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t e s t s  have been presented i n  the various Quarterly and Annual Progress 

Reports. 

s ing le  c e l l  given su f f i c i en t  time. 

I n  theory, the Gulliver technique i s  capable of detect ing a 

I n  pract ice ,  it has detected gas 

produced from a calculated inzcu>n. nf 12 wl l s  (as determined by 

r e p l i c a t e  pour p l a t e s )  a f t e r  four hours of incubation. 
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IV. INSTRUMENTATION 

A. IN SITU CONCEPT -- 
The Fourth Annual Progress Report (1) discussed advantages of 

an i n  s i t u  l i f e  detect ion experiment over an experiment requir ing sample 

col lect ion:  

surface as a sample; (2 )  the ava i Jah i l i t y  of a s ign i f i can t ly  la rger  volume 

of sample than would be collected by the  s t icky-s t r ing  sample r e t r i ev ing  

method of Gulliver 111; (3) extending the sample cross  sect ion below 

-- 
(1) u t i l i z a t i o n  of an undistLcrbed sec t ion  of a planetary 

the  immediate surface layer  which may he subject t o  intense u l t r av io l e t  

i r r ad ia t ion ;  (4) the  p o s s i b i l i t y  of t he  planetary s o i l  ac t ing  as a 

chromatographic bed t o  e f f e c t  composition and concentration gradients 

of t he  applied microbiological medi?za, thereby increasing the  oppor- 

t u n i t y  f o r  t he  organism t o  f ind some favorable f'ormulabion; afid ( 5 )  

a s ign i f icant  decrease i n  the  r e a l  time required t o  complete the  experi-  

ment. These advantages, along with the  reduced s i ze  thought possible f o r  

t h e  i n  s i t u  as compared with other Gulliver models, warranted an inves t i -  

gat ion of the  applicable design parameters f o r  the  new concept. 

p o t e n t i a l  disadvantage for t h e  i n  s i t u  type instrument should be pointed 

out.  

l i qu id  medium might evaporate very rapidly (s ince the  temperature w i l l  be 

maintained above f reez ing)  i f  the  instrument-to-surface sea l  i s  not 

adequate. 

-- 
A 

-- 
A t  the low atmospheric pressure believed t o  p reva i l  on Mars, the  
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This sect ion of t he  report  presents t he  important design c r i t e r i a  

f o r  an i n  s i t u  version of Gulliver, an assessment of t h e i r  e f f ec t s ,  and a 

design approach which u t i l i z e s  a compromise of t he  requirements t o  evolve 

a p rac t i ca l  hs t r -~~sf i t ,  for  the  c ~ d l i c t  nf t.he ex9eriment. The design, 

fabr ica t ion  and t e s t i n g  of the  instrument are reported.  

-- 

B. PHYSICAL AND ENVIROIWEWTAL FACTORS 

The cont ro l l ing  design f ac to r s  i n  an instrument developed for 

an e x t r a t e r r e s t r i a l  experiment are not necessar i ly  those imposed by the  

experiment t o  be performed. Limitations of s ize ,  weight, r e l i a b i l i t y ,  

power consumption ana data prucessing req-dlrenentc, which a re  secondary 

t o  the  experiment, a r e  defined by the  r e s t r i c t i o n s  of payload weight, 

power a v a i i a b i i i t y ,  cost ,  and t e l e m t r y  associated wi th  t h e  spacecraf t .  

The following discussion per ta ins  t o  the ult imate deveiopment of t he  

i n  s i t u  instrument. -- 
1. Size and Mass 

The s i z e  and weight objective set for the  i n  s i t u  version of -- 
Gulliver i s  an instrument package, cy l indr ica l  i n  shape, 65 mm. long 

(2.250 inches),  30 mm. i n  diameter (1.187 inches),  weighing a maximum of 

81 grams. 

contains a l l  of the components required f o r  t he  experiment including 

preliminary data processing of t he  e l e c t r i c a l  s igna ls .  

With t h e  exception of the  primary power supply, t h i s  package 

2 .  S t e r i l i z a t i o n  

Before launch, the  instrument must be s t e r i l i z e d  (13) by dry  

heat and an ethylene oxide-Freon-12 moisture mix gas treatment. The 
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-- 
prototype temperature s t e r i l i z a t i o n  requirements f o r  qua l i f i ca t ion  a re  

three cycles, each of 36 hours duration, a t  145' C .  i n  an i n e r t  

atmosphere. 

To achieve a r e i i a b i e  s t e r l l i za t lo f i  zf flight hardware by 

processing with the  gas, t h e  gas must contact t he  surfaces  t o  be 

s t e r i l i z e d .  Therefore, t he  design of the instrument package should be 

such t h a t  it i s  possible t o  assemble s t e r i l i zed  components under clean 

room conditions i n t o  a package which contains a minimum number of 

obstructed chambers, grooves, mechanical j o i n t s  such as screw threads 

or porous materials. 

From a mechanical point  of view, the  high teqwra t i l re  require-  

ment w i l l  influence t h e  sea l ing  techniques and t h e  e lec t ronic  components 

on t h e  s igna l  processing c i r c u i t r y .  

It i s  assumed t h a t  the  s t e r i l i z a t i o n  specif ied w i l l  be the  only 

in t en t iona l  heat cycling employed and tha t  s t e r i l i z a t i o n  by heat exposure 

while i n  so la r  space w i l l  not be attempted. S t e r i l i z a t i o n  by i r r ad ia t ion  

a t  l e v e l s  of 1 0  rads or more would adversely a f f e c t  mater ia ls  and 
7 

components curreniiy avail&le.  

3. Launch Environment 

The rocket booster and secondary rocket motors used t o  launch or 

o r i en t  t h e  space capsule w i l l  produce in te rva ls  of shock and v ibra t ion  t o  

a l l  instrumentation components. The complete instrument package, designed 

t o  be launched from the  planetary lander-capsule i t s e l f ,  must be constrained 

i n  a mounting i n  such a manner t h a t  destruct ive resonances do not occur. 



-- 
The instrument package proper should be designed t o  withstand 

vibrat ion environments of 25 G a t  frequencies from 2 cps t o  2000 cps and 

impact loading of up t o  1000 G with duration of up t o  3 milliseconds. 

4. Space ~ i v i r o r m m t  

a .  Vacuum 

The absolute pressure of solar  space, not under t he  influence 

of a planet ,  i s  t o  TORR (14) .  For a l l  p r a c t i c a l  purposes 

sealed enclosures a re  pressurized a t  1 atm (760 TORR) i f  sealed i n  an 

Earth environment. The metal components of an instrument may be adversely 

affected by exposure t o  vacuum, organics w i l l  evzporzte, w?, of course: 

l i qu ids  must be confined. Dry l.;1-,ricants w i l l  be required on movable 

p a r t s  t o  prevent cold welding due t o  v o l a t i l i z a t i o n  of surface f i lms.  

Leakage r a t e s  f o r  proven s e a l  designs, s t a b i l i t y  of organics and adhesive 

compounds a re  avai lable  t o  make a select ion bes t  sui ted f o r  the  appl icat ion.  

b .  Radiation 

A la rge  amount of published data ex is t s  on rad ia t ion  environments 

i n  solar space. The nature of t he  proposed instrument design i s  such t h a t  

It L;? iiot a n t l c i p s t e d  that it will be exposed d i r e c t l y  t o  the  space radia- 

t i o n  environment and, hence, w i l l  not be ser ious ly  disturbed by high 

energy e lec t ron  rad ia t ion  dosages occurring on space capsule surfaces .  

The amount of shielding proposed i s  a minimum of 1 g/cm 

rad ia t ion  e f f e c t s  t o  protons and bremsstrahlung rad ia t ion  i n t e n s i t i e s  of 

less than 10  rads during the  periods of solar f l a r e  a c t i v i t y .  This 

r a d i a t i o n  l e v e l  i s  not s ign i f icant  i n  terms of mater ia ls  damage, but 

2 which w i l l  l i m i t  

3 
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se lec t ion  of so l id - s t a t e  e lec t ronic  components must be made with t h i s  

hazard as a consideration including the  anticipated e f f e c t s  upon detector  

operation of t he  absence of Van Allen b e l t s  around Mars. 

e .  Meteorit ic I?ai=ticles 

The proposed instrument, not being exposed d i r e c t l y  t o  the  

space environment, i s  not considered vulnerable t o  the e f f e c t s  of micro- 

meteorites.  Furthermore, the  use of multiple instruments reduces the  

hazard of catastrophic  f a i l u r e  of t he  experiment since the  mechanical 

damage would be localized and would have a low probabi l i ty  of a f fec t ing  

a l l  instruments simultaneously. 

d . Equilibrium Temperatwe of the  Spacecraft 

The equilibrium temperature of t h e  spacecraft  depends on i t s  

&bsorptisn coefficient f o r  solar  rad ia t ion  ani! i t s  C7,istafice from the  sun. 

For spher ica l  vehicle configurations, t h i s  equilibrium temperature can 

range from llOo K t o  500' K i n  the Earth-Mars path (15). 

assumed t h a t  in te rna l  temperatures of the spacecraft  w i l l  be maintained 

above f reez ing  l eve l s  f o r  e l ec t ro ly t e s  i n  in t e rna l  b a t t e r i e s  used f o r  

power. Fne Guii ivei-  z x p z r ~ h e c t  req~-_lLres a l iquid metabolite and the  

s torage s t a b i l i t y  of t h i s  medium i s  enhanced a t  reduced temperatures 

( 2 8 0 ~  K ) .  

It i s  t o  be 

5.  Planetary Environment 

a .  Landing 

The landing p ro f i l e  environment i s  not expected t o  exceed 

the  launch environment i n  mechanical aspects, and the low densi ty  of the  
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Martian atmosphere should l i m i t  any aerodynamic heating t o  acceptable 

l e v e l s  within the  lander capsule. 

b .  Operating Environment 
0 

The mean surface temperature of Ears, 229 K and an ant ic ipated 

low temperature of 203' K,are well below the  freezing point of t he  l iqu id  

media  and thus provisions must be made for l iquefying the  mater ia l  and 

maintaining the  l iqu id  s t a t e  during the  experiment. Improved information 

on Mars surface pressure and temperatures w i l l  permit b e t t e r  design t o  

insure maintenance of the  l iquid phase during the  experiment. 

The Martian atmosphere i s  known t o  contain an apprecMble 

quant i ty  of carbon d i D x i d e .  The Guiiiver experinent depends @E the  co l -  

l e c t i o n  of carbon dioxide evolved from organisms which have metabolized 

radioact ively tagged nu t r i en t s .  The carbon dioxide co l lec t ion  i s  

achieved by chemical ge t te r ing  and na tura l  atmospheric carbon dioxide 

present w i l l  a l s o  be get tered.  Better d a t a  on Mars atmospheric CO, con- 

t e n t  w i l l  permit su i tab le  design of the required capacity f o r  the  ge t t e r  

system. Current treatment of t h i s  problem i s  described l a t e r .  

- 

C .  DESIGN AM) FABRICATION OF I N  SITU INSTRUMETC, MECHANICAL COMP0"TS -- 
1. Canister 

The objective of minimum weight f o r  the  instrument can bes t  be 

m e t  by se lec t ing  a housing mater ia l  with a low densi ty  t h a t  w i l l  s a t i s f y  

a l l  of t h e  environmental c r i t e r i a .  The use of magnesium adequately 

protected by anodic coat ing i n  the exposed areas  plus  the  addition of 
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so l id  dry lubr icants  i n  a l l  areas  where moving p a r t s  are located seems 

t o  be a log ica l  choice fo r  a f i n a l  f l i g h t  model. 

For t h e  f e a s i b i l i t y  model made during t h i s  program, aluminum 

a l loy  6odl-T6 was used. 

a s  no exposure t o  the  weather was expected. 

protected during t h e  tes ts  with dry molybdenum disu l f ide  (MoS2). 

iu'o p r o v l s i m a  f G r  prztect inn were made inasmuch 

Moving pa r t s  were, however, 

The f i rs t  design f o r  an i n  s i t u  model t h a t  was proposed a t  t he  -- 
end of l a s t  yea r ' s  program consisted of a double-ended canis te r  42 mm. i n  

diameter, 95 mm. long. An e jec tab le  detect ion module was located a t  each 

end of the  can i s t e r .  The canis ter  was to be eJected frm the  Laader 

capsule by using compressed gases or ppotecknic  devices. Upon leaving 

the  launch tube i n  the  lander, four folding l egs  i n  each end would extend 

t o  Beep t h e  canis te r  a cer ta in  dis tance fron the grmnd and provide suf- 

f i c i e n t  room for  t he  detector  modules t o  grav i ty  or ien t  themselves t o  a 

v e r t i c a l  posi t ion a f t e r  e jec t ion  from the canis te r .  A model w a s  made of 

t h i s  device, Figure No.  I V - 1 ,  i n  order t o  tes t  the  or ient ing fea tures  of 

the  modules. 

spr ings and leg lengths, Tt VZE fnllr\_d that,  t he  operation of t h i s  device 

1 x k e d  t h e  r e l i a b i l i t y  required for  the  experiment. It was very d i f f i -  

c u l t  t o  obtain v e r t i c a l  posit ioning and the  low weight of t he  detector  

module made sea l ing  t o  form a metabolic chamber on a rough surface 

very questionable.  

After  a number of tests were performed using d i f f e ren t  

Other approaches were then considered. It i s  obvious t h a t  there  

are t h r e e  c r i t i c a l  areas  i n  the  mechanical design of an i n  s i t u  instrument: -- 
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a. 

b.  adequate seal between the instrument and the ground 

a t t i t u d e  with regard t o  the  ground 

t o  form a metabolic chamber 

c.  ruggedrless aiid s i z q l i c i t y  

Various configurations were cansidered i n  crder t o  achieve these 

goals.  It was f i n a l l y  decided t h a t  it would be eas ie r  and safer  t o  maintain 

the  i n t e g r i t y  of a canis te r  without any deployable device. Means of or ien t -  

ing the  canis te r  after landing on the ground would then have t o  be provided 

i n  order t o  e f f e c t  a seal with the  ground. 

t i o n  when compared with the t a sk  of unfolding l egs  and releasing m d a l e s  i n  

t h e  previous design. Another gain was t h a t  t o t a l  weight of t h e  canis te r  

became avai lable  t o  e f f e c t  a seal ing pressure against  the  gromd.  

a l l y  conceived, t he  new, double-ended device i s  shown i n  Figure No. Tv-2 

where i s  a l s o  shown a sequence of operation of t h e  se l f -or ien t ing  act ion.  

A s  can be seen, the  detector  chambers are p a r t  of t he  body of t he  in s t ru -  

ment instead of u n i t s  ejecked from the ends of t he  body. 

This became a very simple opera- 

A s  i n i t* i -  

If a double-ended un i t  were used, some savings i n  weight could 

be obtained by making some of t he  components perform a double function. 

An example would be ampul breakers, baf f le  actuators ,  and a s ingle  or ien t -  

ing mechanism. 

chamber instrument. 

a system composed of a number of s ingle  chambers, it was f e l t  t h a t  t h e  gain 

i n  r e l i a b i l i t y  and s impl ic i ty  warranted t h i s  approach. Furthermore, t he  

Tnis  w a s  compared with the p o s s i b l l i t y  of employing a s ingle-  

Although a s l i g h t  weight penalty was involved i n  having 
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single-chamber un i t  imposed many of t he  same design challenges of t h e  

double u n i t .  

design of a double-ended un i t  if desired.  

Thus, the  experience gained could l a t e r  be applied t o  the  

2 .  Sirigie Chmber Med?ule 

The concept followed i n  the design of t he  s ingle  chamber, self- 

or ient ing module was one of maximum u t i l i z a t i o n  of volume i n  order t o  

obtain a small, rugged u n i t  t ha t  would withstand the  high impact forces  

encountered during e jec t ion  from the capsule and landing on the  surface 

of t he  planet .  To t h i s  e f fec t ,  several  layouts were made. That chosen 

w a s  a truncated cylinder i.187 inches I n  diameter by 2.250 inches long, 

w i t h  an estimated t o t a l  weight ~f 81 g r a m  of which 39 grams correspond 

t o  the  main body of the  module, 10  grams t o  the  electronics ,  and 32 grams 

t.0 t.he mechanical components. A reduction i n  weight, however, w i l l  be 

possible  by appropriate subst i tut ion of materials i n  t h e  f i n a l  model. 

Subst i tut ion of t he  aluminum main body with mgnesium and some of the  

s t a i n l e s s  s t e e l  mechanical components with anodized aluminum could reduce 

of t h e  weight by 10  t o  15 grams. This weight does not include the  weight 

J-1-  UPS ..--L* ulllvilALuL <,%“I c c d ,  whiph obviously w i l l  vary with the length chosen. 

Figures N o .  IV-3 and N o .  IV-4 show the  module configuration. 

The or ient ing pin t o  pre-posit ion the  un i t  a t  a convenient 

a t t i t u d e  s o  t h a t  t he  legs  w i l l  be effect ive when they unfold i s  a s p r i  g- 

loaded r o t a t i n g  arm. It extends as  soon as t h e  i n  s i t u  unit leaves the  

e j ec t ing  pipe i n  the  lander capsule. It i s  located i n  the  forward end 

of t h e  module and i t s  f i r , a l  desired posit.ion i s  established by a pos i t ive  

mechanical stop. 

-- 
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-- 
After t he  instrument lands on the surface, an e l e c t r i c a l  s igna l  

f i res  a squib p is ton  actuator  (Atlas 1 MT 114).  

releases two semi-rigid legs  from a re ta in ing  boss.  These l egs  a r e  spring- 

loaded i n  a fashion s imilar  t o  t h e  or ient ing p in  and, once released, they 

generate a ro t a t iona l  force t h a t  rolls the  module i n t o  the  operating posi-  

t i o n .  Different  types of uprighting means were tes ted  such as t h i n  l ea f  

springs, music w i r e ,  and c o i l  spr ings,  but none of these was as e f fec t ive ;  

t he  ac t ions  were t o o  violent  or d i d  not have enough power t o  r o t a t e  t he  

module. Release of springs w a s  a l s o  unrel iable .  The semi-rigid l egs  

have proved t c  be highly dependable i n  t h e i r  operation. The r o t a t i o n a l  

force i s  easy t o  adJust by e i the r  one of two means, changing the  w i r e  

s i z e  of t h e  spr ing or changing t h e  amount of t o r s ion  applied t o  the  spring. 

The plunger of t he  actuator  

The module i n  contact w i t h  the surface encloses a volume. The 

area  of t h e  surface i s  approximately one em . The height of the  chamber 

i s  approximately 1 . 5  em. and the  volume, therefore ,  i s  approximately 1 . 5  cc. 

If t h e  e f f ec t ive  depth of t he  area sampled during the  experiment i s  0.8 mm. 

(1/32 of an inch) the  t o t a l  sample volume i s  a t  l e a s t  0.08 cc.  

a surface densi ty  for Mars s i m i l a r  to t ha t  of the  Earth, then the  t o t a l  

sample mass w i l l  be (0.08 cc. x 2.67 g/cc) approximately 0.21 grams of 

material, as weighed on Earth. 

2 

If w e  assume 

3. Temperature Control 

One of t he  more important requirements of the  experiment i s  

t h e  temperature range i n  which it must be conducted. The l iqu id  medium 

applied t o  the  surface must remain l iqu id .  Martian temperatures range 
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well below the  freezing temperature of the proposed metabolic medium and 

some provision i s  needed t o  maintain or insure the l iqu id  s t a t e  for the  

conduct of the  experiment. 

jirifei-i-ed f r o m  B r t S  condi t isns)  i s  t.o he expected a t  temperatures near 

or below freezing.  

A very low l eve l  of metabolic a c t i v i t y  

Hence the  experiment must survive a s  long as possible.  

On the other hand, temperatures higher than several  degrees C .  

may impose evaporation problems a t  the  newly estimated Mars atmospheric 

pressure of 7 mb. (16). 

of up t o  30 C. can be expected. Thus a control or sensing system i s  

Midday high temperatures a t  the Martian equator 

0 

required 00 insure temperaf,iu?e control  or  t h a t  the  experiment does not 

s t a r t  -imtiI the paper ex%ient  tezperatiure a r r ives .  

The conditions outlined will be very d i f f i c u l t  t o  maintain 

unless heat lng i s  provided i n  the  m e 8  of the ground where the  metabolic 

chamber i s  formed. A small radiant  heater can be incorporated d i r e c t l y  

ins ide  the  metabolic chamber. The heat energy required i s  dependent on 

A t  the  present time it i s  the  thermal conductivity of the surface.  

possible  only t o  estimate such a f a c t o r .  

If ft. 5 s  assumed t h a t  the  Mart-in surface i s  homogenous, then 

the  heat l o s s  through one square centimeter, with a temperature d i f fe ren-  

t i a l  of 30° C. across a surface layer 0.25 em. th i ck ,  i n  one second w i l l  

be given i n  ca lor ies ,  Q, by the  equation: 

(t2 - tl) a T  
Q = K  

d 
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-- 
where K i s  the  specif ic  heat conductivity; t 2  and t l  are the temperatures 

i n  degrees C .  of t he  two surfaces; a,  the area of t he  surface i n  square 

em.; T, the  time i n  seconds; and d ,  t he  thickness of t he  layer  i n  cm. 

rm llle C a - - L - C . +  lbbuuu v lI rueL0 .-.lrrO" +.T.n?n n _.__ On52 for basalt rock t o  O.OOOl3 

f o r  diatomaceous ear th .  The average value of K fo r  the  Earth 's  c rus t  i s  

0.004. 

square cm. 

surface, an energy input of 2.6 watts i s  required (17). 

s imilar  t o  the  average Earth c rus t ,  t h e  required power i s  2 . 1  watts, and 

f o r  diatomaceous ear th  the  gowr r e p i r e d  i s  5.067 watts. 

For basa l t  rock the  heat loss  i s  0.62 ca lor ies  per second, per 

T o  maintain the  temperature difference of 30' C .  on a basa l t  

For a mater ia l  

For a i  e x p r h s n t  cznducted fo r  a period of two hours? the  

t o t a l  power required t o  maintain the  surface 30' C .  above the  ambient 

temperature a t  a depth of 0.25 em. b e l w  the  surface would  range from 

150 mill iwat t  hours t o  5.2 watt hours. A t  an e l e c t r i c a l  po ten t i a l  of 

20 vol t s ,  t h i s  power requirement could be supplied by a current of 

100 milliamperes t o  the  heating element, assuming a l l  of t he  power 

diss ipated was used t o  heat t he  surface. 

Tkis m d e l  nf the Mqrt , ian surface can be considered only an 

approximation. The heater i n  the  instrument might be mounted so t h a t  

it w i l l  i r r a d i a t e  the  surface enclosed by the  inst.rument. The heater 

current  could 'be regulated by a proportional control ler  whose input signal 

could be derived from two thermistor elements. I n  view of the  range of 

input power required f o r  heating, a controller would be necessary and 

could be a se r i e s  current regulator type. 
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4. Photosynthetic Experiment Capability 

I n  order t o  provide f o r  the  conduct of an experiment t o  

determine whether or not photosynthetic a c t i v i t y  i s  present,  a l i g h t  

sn1~rc.e which w i l l  provide i l lumination from an incandescent fi lament and 

can be programmed on and off i s  required.  In such a un i t ,  two Sylvania 

ML-202A miniature incandescent lamps might be mounted so t h a t  they both 

i l luminate the  sample surface.  The two bulbs provide redundancy even 

though they  are designed +,o withstand shock and v ibra t ion .  

mination l e v e l  a t  t he  sampling surface from a s ingle  bulb would be 

The i l l u -  

5 .  

The biochemical experiment i s  designed t o  de tec t  t h e  radio-  

Chemical Gettering of Carbon Dioxide 

ac t ive  carbo= d i n x i d e  evolved by organisms which have metabolized labeled 

nu t r i en t s .  

s m a l l  quan t i t i e s  of gas, t he  gas i s  collected on the detector  face by a 

I n  order t o  maintain a reasonable detect ion e f f ic iency  fo r  

chemical g e t t e r .  

deposi t ion onto a clean surface i n  a layer averaging io-3  em. i n  depth. 

This material has a high a f f i n i t y  fo r  carbon dioxide and i s  temperature 

The ge t t e r  i s  l i t h ium hydroxide evaporated by vacuum 

and pressure s tab le .  

Carbon dioxide i n  the  ambient Martian atmosphere plus  any gaseous 

d i s soc ia t ion  products evolved during storage of the medium as well as any 

b io log ica l ly  produced carbon dioxide w i l l  be collected by an exposed ge t t e r  

surface.  

it may sa tu ra t e  the  g e t t e r  surface and l i m i t  t he  experiment. 

If the  quant i ty  of t h e  non-biologically evolved gas i s  large,  
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After the  medium i s  released, the gaseous atmosphere within 

the  instrument chamber i s  cleaned of carbon dioxide by the  exposure 

of a secondary, or "clean-up," ge t t e r  surface. 

a chemicai ge t t e r  and i t s  capacity i s  a function of i t s  temperature. 

The g e t t e r  surface w i l l  be a t  t he  a i r  temperature maintained by the  

heater element, or a higher ambient temperature. 

"he r a t e  of uptake of 

The secondary C02 ge t t e r  used i n  t h e  detect ion module i s  of 

a spec ia l  design. 

ends. Between the  two bulkheads with the O-ring sea ls ,  t he re  a r e  two 

f i n s  spaced so as t o  present,  i n  the col lect ion posi t ion,  a maximum 

area of g e t t e r  Dater ia l .  This ge t t e r  mater ia l  i s  l i thium hydroxide 

evaporated by vacuum deposit ion i n  the  exposed areas  of t he  spool. 

There are s i x  ac t ive  circil lar areas  t o  co l lec t  C02.  

of 0.53 inch (approximately 15  mm.)  t he  secondary ge t t e r  exposes a 

minimum of area of 1 . 2  square inches (7.5 sq. em.). 

the  sake of expediency, instead of coating the  f i n s ,  f i l t e r  paper washers 

were placed i n  the  space between the  f in s  and w e t t e d  with a saturated 

solutiz,n, zf h i r t 1 j - m  hydroxide. 

It cons is t s  of a spool with O-ring seals i n  both 

With a diameter 

During tests, f o r  

Once t h e  chamber module has been cleaned of nonmetabolic 

carbon dioxide, t he  co l lec t ion  of biological ly  produced gas i s  effected 

by exposing the  primary g e t t e r  mounted i n  f r o n t  of t he  rad ia t ion  detec- 

t o r .  I n  order t o  close off the  secondary ge t t e r , t he  spool i s  moved 

one-fourth inch i n  i t s  housing by means of an explosive p is ton  actuator  

( A t l a s  1 MT 114). This ac t ion  removes the  secondary ge t t e r  from the  
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6. 

The 

incubation-gas co l lec t ion  chamber. 

ge t t e r  on the  face of t h e  r ad ia t ion  detector .  

secondary ge t t e r  i s  th i ck  enough t o  prevent penetrat ion by beta p a r t i c l e s  

e m i t t e d  by mterfa l  collected CE the  secondary g e t t e r .  

The same ac t ion  exposes the  primary 

The end w a l l  of t h e  

Chamber -to-Surf ace Seal  

experiment i s  conducted in  a near ly  closed volume t o  

l e c t  a max mum of metabolically evoived gas and prevent i t s  d i lu t ion  

by t h e  gases i n  the  surrounding atmosphere. However, some leakage i s  

d e s i r e d  t o  preclude possible exhaustion of an e s s e n t i a l  gas needed by 

t h e  organisms. 

by meam of a polyvinyl chlsridebellows t h a t  pops out of t h e  module as 

soon as it leaves the  launcher tube.  Polyvinyl chloride i s  not an 

accepted space mater ia l  and i n  a f l i g h t  m o d e l  it w i l l  have t o  be 

replaced by a spec ia l  bellows made of an elastomer such as Viton which 

i s  noted f o r  i t s  good hard vacuum charac te r i s t ics .  

Tne near s e a l  of the zhmber  t o  the surface i s  effected 

Improvements f o r  a f i n a l  model can be achieved. "he poss ib i l i t y  

of incorporating heat sensors i n t o  t h e  bellows where t h e  seal contacts 

t h e  scil i s  a_ Inztral one. A spec ia l  bellows i s  indicated for  a f i n a l  

model, for which a spec ia l  cast ing mold w i l l  have t o  be developed. It 

w i l l  provide a la rge  s o i l  area which w i l l  make the  system more sens i t ive  

by exposing a la rger  sample. 

7. Medium Ampul 

The medium i s  carr ied i n  a sealed g lass  ampul, Figure No. rV-5. 
I 

A 0.25 ml. quant i ty  of medium can be sealed i n  t h i s  ampul. Alternatively,  

I 
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antimetabolite can be incorporated i n t o  the  medium or placed i n t o  a 

separate sect ion of the  ampul. 

8. Ampul Breaker 

The ampul i s  introduced i n t o  the  cavity followed by the  ampulbreaker 

device (Figure No.  IV-5). The ampul breaker consis ts  of a s t e e l  d a r t  

cemented t o  the  t i p  of a pis ton actuator,  Atlas  1 MT 114, the same on 

used f o r  the  se l f - r igh t ing  legs  and secondary ge t t e r  actuator .  

f i r i n g  t h e  p is ton  actuator ,  t he  s t e e l  d a r t  i s  propelled 5/16 of an inch 

Upon 

t o  h i t  Yne bottom of the  ampul. The mp~l  i s  shat tered,  allowing the  

n;edi.m tz czatact the  wick which w 8 s  Fn previous contact with the  ampul. 

9 .  Medium Dispersal  

The l iqu id  medi.m must be supplied t o  the sample surface.  A s  

s t a t ed  previously, t he  volume of the  medium i s  0.25 m l .  

quant i ty  were suddenly discharged onto the s o i l  enclosed by the  chamber, 

t he  surface might be flooded. On the  other hand, i f  the  surface i s  very 

porous, t he  l iqu id  might percolate away from the experimental area and 

If the  f u l l  

ciirtail the experiment. To solve t h i s  problem, the medium i s  fed t o  the 

surface through a wick. This maintains a moist surface through the  

continuous supply of f r e s h  medium a t  a r a t e  which precludes f looding .  

Two strands of Clark 's  #10 Mercerized Boi l fas t  seem t o  give 

a des i rab le  r a t e  of nu t r ien t  flow i n t o  the  s o i l .  
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D. DESIGN AM) FA3RICATION OF -- I N  SITU INSTRUMENT, ELECTRONIC COMPONENTS 

1. High Voltage Power Supply 

Figures No. IV-6 and No.  IV-7 are block diagrams of the module 

c i r c u i t r y  and o r ig ina l  te i i t a t ive  hi& vcltage power supply c i r c u i t s ,  

respect ively.  The tapped Hartley type osc i l l a to r  u t i l i z i n g  the  t r ans -  

former d is t r ibu ted  capacitance was the  f i n a l  se lec t ion  f o r  t h i s  applica- 

t i o n .  

number of required components f o r  equal r e s u l t s  from both c i r c u i t s .  

Since the  output voltage was of suf f ic ien t  amplitude, a half  wave 

r e c t i f i e r  was used instead of a voltage doubler. 

The se lec t ion  was based on the  output voltage obtained and the 

The hign voltage power si.qp2.y (,WS) i s  s h ~ ) ~ n  i n  Figure 

N o .  IV-8. 

l a t o r  c i r c u i t ,  and D2, R 3  the  half  wave r e c t i f i e r .  The r e s t  of the  

components i n  the  f igure  cons t i tu te  t he  preamplifier.  Resistor R2 can 

be adjusted t o  increase the power output of the  o s c i l l a t o r .  There i s  

ne i ther  l i n e  nor load regulation. Since the l o a d  i s  constant, no load 

regula t ion  i s  necessary. However, l i n e  regulat ion i s  e s s e n t i a l  as the  

Components R1,  R2, C1, C2, D1, Q,l and T 1  comprise the osc i l -  

o u i p - ~ t  v-oltage : - annc.nannf ubybAAub-- C)E the 511p_~ly voltage. With a regulated 

24-volt supply and a r e s i s t o r  R2 of 330 ohms, the HVPS draws 52 m i l l i -  

amperes de and de l ivers  1560 v o l t s  de with a maximum r ipp le  component 

of four v o l t s  (peak t o  peak).  It i s  possible t o  obtain t h e  same output 

voltage with a reduced supply voltage by decreasing the  emitter c i r c u i t  

r e s i s t o r  R2, Figure No. IT-8. 

s inusoida l  and the  frequency of osc i l la t ion  i s  approximately 100 kc. 

"he osc i l l a to r  output waveform i s  
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Lack of space prevented the  addi t ion of components t o  compensate f o r  

switching t rans ien ts .  A s  a r e su l t ,  switching t rans ien ts  r e f l e c t  back t o  

t h e  supply, a condition t h a t  presented d i f f i c u l t i e s  later on i n  the  ampli- 

f ica t lo i i  of piilazs. 

Components which are  not readi ly  recognizable a re  the  diodes 

D1, D2 and the  transformer T1. D1 i s  a Microsemiconductor Corporation 

fast recovery, low capacitance micro-diode and D2 is  a Simcor high fre- 

quency, 2000 peak inverse voltage r e c t i f i e r  diode. Other types of units 

were t r i e d  i n  t h i s  c i r c u i t ,  but the  two mentioned gave t h e  bes t  r e s u l t  

mainly because or' t h e i r  f a s t  recovery time azd low jlmct.ion Capacitance. 

Resistors iirs 1/19 mtt, 54 t o l e r a x e  and capacitors lo$ tolerance 

except a s  noted on the  schematics. The transformer w a s  made by winding 

1100 turns  of #40 KdG 7Jj;clad vire  as the  secondary, 20 turns  #36 AWG 

Nyclad w i r e  as t h e  feedback, and f ive  turns  #36 AWG Nyclad w i r e  a s  t he  

primary on the  bobbin of a pot core. 

P/N 1408C-Al60-3Bg. 

used t o  vary the  inductance a t  the  pot core and thus the  frequency of 

w c i l l a t i n n .  Sinre *he charge i n  frequency was not s ign i f icant  and 

the  output voltage remained constant throughout the  tuning range, tuning 

w a s  not used. 

The pot core used was a Ferroxcube 

This pot core has a tuning slug. The s lug can be 

A l l  components were selected t o  have operating temperatures of 

a t  least 100' C .  and storage temperatures upward of 150' C .  

s e l ec t ion  w a s  made t o  insure proper operation of these components after 

having been subjected t o  s t e r i l i z a t i o n  temperatures. 

This pre- 
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The KVPS was operated continuously f o r  48 hours a t  roan 

temperature with periodic checks made on the de output l eve l .  

t h i s  test there  WBS no observable var ia t ion  or change i n  the  de l e v e l .  

iiowever, sliice the  m&;le case do7SA.e~ 3 s  a. &!at sink, i t s  temperature 

rose t o  approximately 38' from an ambient temperature of 24O, an 

increase of only 15O C .  

Throughout 

2. Detector 

The detector  was designed and manufactured espec ia l ly  f o r  t h i s  

use by LND Incorporated, 3230 Lawson Boulevard, Oceanside, Long Island, 

New York. 

por t iona l  co--inter, Flgme ?le. IV-9. 

meter a t  i t s  widest point by one inch i n  length overal l .  

chamber i t s e l f  i s  just one-half inch i n  d i m e t e r  by seventeen t h i r t y -  

It was designated U&Ok and l a  a Selger-?d&ller (CM)  pro- 

It _m.eas?zres one-half inch i n  dia-  

The ionizat ion 

i 

seconds inch long. E l e c t r i c a l  connections are made t o  wires which a r e  
, 

I 2 welded t o  t h e  tube.  

operates a t  11OOto 1450 vo l t s  de and has a plateau greater  than 250 

The tube has a mica window 1 .5  mg/cm th ick ,  

I 

v o l t s  with a slope l e s s  than 3$ per 100 vol t s .  The f i l l  i s  argon with 

The detector  c i r c u i t  cons is t s  simply of a r e s i s t o r  i n  s e r i e s  

with t h e  GM t.ube. 

Other possible  combinations tha5 could te used are  shown i n  Figure 

No. N-10. The configurations usual ly  used a r e  those of ( a )  and (b),  

but  (a) requi res  capacitor C t o  have a de working voltage a t  l e a s t  as 

high as t h e  GM tube supply and (b) requires an extra  wire f o r  use a s  

This i s  shown i n  Figure No. N-8 a s  LN404 and R2.  
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Figure IV-9 - LND 404 Geiger Tube 
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a common i n  m y  following c i r c u i t s .  Unfortunately, capaci tors  meeting the  

high working voltage requirement a r e  comparatively la rge  i n  s i ze .  

these two configurations the  f u l l  r i pp le  component of t he  GM tube supply 

would appear a s  pa r t  of t he  s igna l  pulse. For these reasons the  c i r c u i t  

of Figure No. IV-10 ( e )  was used. 

cathode of the tube from ground but since the  cathode is ,  f o r  a l l  prac- 

t i c a l  purposes, a t  ground poten t ia l ,  t h i s  proved t o  be a r e l a t i v e l y  simple 

matter .  

I n  

It was necessary t o  i s o l a t e  the 

The tube came provided with a wire f o r  connections t o  the  anode 

but none on the  cathode. 

Control Unit Model 1028c, and a copper electrode s e t  a t  seven pGLinds pres- 

sure and 20 watt-second energy, a w i r e  was successfully welded onto the  

cathode of the  tubes.  

Using a Weldmatic Power Supply Model 1024B, 

Pulses obtained across r e s i s t o r  R 3 ,  t e s t  point 1, were 0.1 t o  

3.0 v o l t s  i n  amplitude with the  majority being greater  than 0.5 vo l t s .  

The pulse width varied with the  pulse amplitude, but was i n  the  order of 

0.3 milliseconds.  

a s  a maximum. 

i s  a peak-to-peak value, it w a s  possible t o  count any pulse greater  than 

0.2 v o l t s  amplitude. The breadboard m o d e l  gave l e s s  r i p p l e  but t h i s  was 

a t t r i b u t e d  t o  the remoteness of the HVPS from the r e s t  of the  c i r c u i t .  

High dens i ty  packaging presented pick-up problems. 

This implies a count r a t e  of 200,000 counts per minute 

The noise or r ipp le  component was 0.4 v o l t s .  Since t h i s  
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3. Preamplifier 

A s  the  pulses obtained from the  GM tube were i n  the  order of 

0.1 t o  s i x  vol t s ,  it was thought t h a t  the at tenuat ion that would be exper- 

ienced i n  the  umbilical  cord could be considered negl ig ib le .  This turned 

out t o  be the case, although the  resis tance of t h e  wires i n  the umbilical 

cord was high, namely 0.14 ohms per foot .  An impedance matching device 

was needed, however, t o  match the  high impedance of t he  GM tube c i r c u i t  

t o  the low impedance of the  cord and following s tages  of amplification. 

The emitter follower c i r c u i t  of Figure No. IV-8 composed of components 

R4, R5, R6,  C 4  and Q,2 serves t h i s  purpose. This cons t i tu tes  t he  pre- 

a q l i f i e r .  A video pulse integrated c i r cu i t  amplifier was t r i e d  f o r  

t h i s  appl icat ion but proved unsat isfactory fo r  impedance matching 

reasons. 

The pulses appearing a t  the output of the  preamplifier,  check 

point 2 on Figure No.  m-8, were 0.1 t o  s i x  v o l t s  i n  amplitude with the 

majority greater  than 0.8 v o l t .  This compared favorably with the  input 

pulses since,  a t  bes t ,  the  gain of an emitter follower i s  one. The 

pulse width, however, decreased t o  0.1 millisecond. 

d i f f e ren t i a to r  composed of capacitor C 4  and the  input impedance of the 

emit ter  follower. 

v o l t s .  This was unfortunate, but the s ignal  was s t i l l  usable a s  t he  

majority of t he  pulses were greater  than 0.8 v o l t .  

capsule end of t he  umbilical  cord d i d  not change except f o r  a higher 

noise component, a t t r i bu tab le  t o  pick up through induction along the  l i n e .  

This was due t o  the  

The r ipp le  or noise increased from 0.4 vo l t  t o  1 .2  

The s igna l  a t  the 
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The noise l e v e l  had r i s e n  t o  1.7 vo l t s .  

t he  s igna l  and ground wires were twisted together and a subsequent reduc- 

t i o n  i n  noise l e v e l  was achieved. 

c lear  up t h i s  d i f f i cu l ty .  The signal obtained a t  t he  capsule end of t he  

cord was of su f f i c i en t  amplitude and energy t o  dr ive a counter. The counter 

had a l e v e l  se lec tor  t h a t  was used t o  block out the  noise.  

To of fse t  t h i s  undesirable e f fec t ,  

The use of a shielded s igna l  w i r e  should 

I n  an e f f o r t  t o  keep both t h e  noise and current l e v e l  low, 12 

vo l t s  dc were used as a supply t o  the  preamplifier.  

s i e n t s  t h a t  appeared on the  24-volt supply were thus suppressed. 

accounted f o r  t he  increase i n  noise l e v e l  i n  the  preamplifier since any 

transient. i n  t h e  l i n e  would look l i k e  a s igna l  t o  t h e  amplifier.  

4. Pulse Amplifier 

Qriginally, t he  amplifier used on Gulliver I11 was t o  be used. 

The voltage t ran-  

This 

A s  it turned out, operation was e r r a t i c .  Output pulses were nGt m e  t o  

one i n  r e l a t i o n  t o  the  input pulses.  A t  times, there  were more, and a t  

other t i m e s  l e s s ,  output than input pulses.  The Gulliver I11 amplifier 

w a s  replaced with the  two-stage amplifier of Figure No. IV-11. Figure 

N o .  I V - 1 1  a l s o  shows t h e  voltage regulator t h a t  was used t o  supply the  

vol tages  f o r  t h e  module and capsule amplifiers.  

In  operation, t r a n s i s t o r  Q,l is biased i n  the  off s t a t e  and 

t r a n s i s t o r  Q,2 i s  biased on. When a pulse of suf f ic ien t  amplitude t o  

override t h e  l e v e l  established by R 2  and R 3  comes along, &1 conducts and 

i t s  co l l ec to r  voltage goes negative, yielding a negative going pulse 

t h a t  i s  applied t o  the  base of Q,2. Since Q,2 i s  biased on, a negative 

IV-31 



c 
1 
Q. 
c 

!Q 
v) 

+ + 



pulse w i l l  tend t o  t u r n  it of f ,  thereby increasing i t s  co l lec tor  voltage 

and producing a pos i t ive  going pulse a t  the output. 

es tabl ished by R 2  and R 3  prevents most of t h e  noise from passing. 

pulses are d i f f e ren t i a t ed  twice by the  d i f f e r e n t i a t o r s  consis t ing of C1 

and the  input impedance of the  amplifier and C 2  and t h e  input impedance 

of the  second s tage.  

The voltage l e v e l  

The 

The output of t he  pulse amplifier may be amplified fur ther ,  

used t o  operate a Schmitt t r i gge r  or fed d i r e c t l y  i n t o  a counter a s  

was done by t h i s  laboratory.  The noise l e v e l  of the  output s igna l  is 

j u s t  30 m i l l i v o l t s  or 1 5  m i l l i v o l t s  z e r o  t o  peak. Anything t o  which the  

oiitput of t he  amplifier i s  attached must therefore  have a l e v e l  s e l ec to r .  

Output pulses  a r e  0.5 t o  four  v o i t s  i n  amplitude with the  majority being 

greater  than 1 .0  v o l t .  The pulse duration i s  two microseconds. The 

s igna l  was fed d i r e c t i y  i n t o  a iVuclear-Chicago Counter Model 182 with the  

l eve l  s e t  a t  59 mv. Good r e s u l t s  were obtained. The amplifier was a l s o  

used t o  t r i g g e r  a Schmitt t r igger ,  but, a s  t he re  was not much point i n  

t h a t ,  it w a s  l e f t  out of t he  c i r c u i t .  

Again a supply of only 5.3 vol t s  was used i n  an e f f o r t  t o  

reduce l i n e  voltage excursions and t o  minimize current consumption. 

5. Packaging 

The space avai lable  for  packaging the  e lec t ronics  was one inch 

long by 3/4 inch wide by 3/8 inch deep. 

a s  cordwood packaging and point-to-point soldering. 

The technique used was t h a t  known 
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The first s tep  was t o  s l i p  the  HVPS transformer i n t o  a phenolic 

sleeve, pot it and t e s t  it t o  insure t h a t  the  f e r r i t e  core had not 

cracked. The rest of the components were placed between two epoxy-glass 

boards and the  proper connections were made by point-to-point soldering. 

A t  t h i s  point,  the  module case was modified t o  simplify in se r t ion  and 

removal of the  package and t o  make it possible t o  use a mold f o r  pot t ing 

purposes. Although t h i s  modification made it possible t o  remove the  

e lec t ronics  when clean-up time came between experiments, it was not done, 

It was desired t o  know what e f f e c t s  s t e r i l i z a t i o n  processes would have 

on the e lec t ronics .  While the  NASA s t e r i l i z a t i o n  requirements were not 

aFplied, it was found t h a t  i f  the  package was baked a t  looo C. f o r  an 

hour a f t e r  clean-up, it would dry completely. The module has gone through 

t h i s  cycle several  times without suffer ing any deleter ious e f f ec t s .  The 

only component washed and dried separately was the GM tube, as ex t ra  care 

had t o  be taken t o  avoid damage t o  the  mica window. 

a i r  -dried.  

The tube was merely 

To the  removable pa r t  of t he  modified case a fuse type c l i p  was 

mounted. "his c l i p  was e l e c t r i c a l l y  insulated f romthe  par t  a s  i t s  func- 

t i o n  was t o  hold the  HVPS t r a n s i s t o r  s o  t h a t  the module case could double 

a s  a heat s ink.  Next, the umbilical cord and transformer were attached, 

the e n t i r e  assembly placed i n  a mold, potted, and cured f o r  one hour 

a t  100' C .  

After curing, the package was trimmed, put i n  place i n  the 

module, and made f a s t  by means of four screws. The GM tube was then 
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insulated,  s e t  i n  place,  and connected. The three  squibs t h a t  operate 

the  legs ,  break the  ampul, and move the  baf f les  were connected last  f o r  

s a fe ty  reasons. That completed the  packaging. The module was then 

ready f o r  t e s t s  and experimentation. 

To insure good heat t r ans fe r ,  a heat sink compound, Dow 

Corning 340, w a s  used on a l l  metal-to-metal j o i n t s  and other applicable 

poin ts .  The pot t ing compound used was Sylgard 182 r e s i n  because of i t s  

r e s i l i ency  property and a l s o  because component changes, i f  necessary, 

could have been made. 

a s  explained i n  t h e  next sect ion.  

A s  it turned out, t h i s  w a s  not t he  bes t  choice, 

6. Problems Encountered 

Some problems arose tha t  were pa r t i cu la r ly  annoying because 

they wasted time. To mention two, it was discovered t h a t  t he  manufac- 

t u r e r ' s  data sheet f o r  a pulse-video amplifier t h a t  vas t r i e d  a s  EL 

preamplifier was erroneous and, secondly, the  Gulliver 111 amplifier 

could not be used as a follow-up amplifier.  The most important d i f -  

f i c u l t i e s  encountered were with the  potting, t he  GM tube, and noise.  

These problems are taken up i n  the  following paragraphs. 

a .  Pot t ing 

The e lec t ronic  c i r c u i t  was checked a t  various points  i n  time 

during t h e  encapsulating procedure. The transformer was checked both 

before and after pot t ing.  When the en t i r e  c i r c u i t  was ready f o r  t he  

mold, it was checked again and again when it came out of t he  mold. 

I n  a l l  instances  it was observed t h a t  pot t ing resu l ted  i n  a decrease 
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i n  high voltage.  The drop was i n  the  order of 300 vo l t s .  It was found 

tha t  spraying with an epoxy insulat ing varnish before pot t ing reduced t h i s  

l o s s  considerably. To compensate f o r  t h i s  drop, it was necessary t o  

decrease the  r e s i s t o r  i n  the  emit ter  c i r c u i t  of t he  HVPS. The solut ion 

t o  t h i s  problem would be to use a more su i tab le  pot t ing compound. Qne 

such would be a mixture, by weight, of 70 p a r t s  Epon B l 5  Epoxy, 30 p a r t s  

Thiakol W-3 a s  a r e s i l i ency  agent, and seven pa r t s  Deapa a s  a curing 

agent. 

appl icat ions.  It was not used here because it s e t s  t o  a much harder 

consistency than the  Sylgard r e s i n .  However, now t h a t  the c i r c u i t  i s  a 

proven c i r c u i t ,  it could be used i n  future  models. 

This mixture has been used successfully i n  the past i n  s imilar  

b. C2.I Yabe 

O f  the  s i x  tubes t h a t  were purchased, only two usable tubes 

a re  l e f t .  It was found ea r ly  i n  the  program tha t  a wire 'was needed on 

the  cathode, a s  well a s  on the anode i n  order t o  make e l e c t r i c a l  con- 

nections.  

none on t h e  cathode, and, p r io r  t o  the successful welding on of cathode 

wire, an unsuccessful attempt was made t o  solder a wire on one of the  

tubes.  That l e f t  f i v e  tubes. Two of the remaining tubes never func- 

t ioned.  It i s  assumed t h a t  t he  gas leaked out of one of these since it 

had a cracked window. The other, although it appeared undamaged, f a i l e d  

t o  function f o r  some unknown reason. The four th  tube qui t  a f t e r  approxi- 

mately 10 hours of use.  O f  the  remaining two tubes, one has been i n  use 

f o r  a t  l e a s t  40 hours and the other f o r  approximately 24 hours. 

of t h i s  writ ing,  a re  performing well. 

The tubes came from the factory with a wire on the  anode, but 

Both, as 
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Although the  manufacturer's specif icat ions s t a t e  t h a t  the  

operating voltage of these  tubes i s  1100-1450 v o l t s  dc, it was found 

t h a t ,  i n  order t o  obtain a usable counting r a t e  from the  soft beta  of 

Cl4, 1560 vdc had t o  be used. 

i f  t h e  voltage i s  ra i sed  t o  a point beyond i t s  plateau, t he  counting 

rate increases, but t he  counter may produce self-sustained, continuously 

It i s  a charac te r i s t ic  of GM tubes t h a t ,  

repeat ing pulse discharges even i n  the absence of ex terna l  ionizing 

rad ia t ion .  

counter. To determine i f  the  upper l i m i t  could be reached, the  supply 

voltage t o  the HVPS was raised t o  30 vo l t s  dc. 

tube voltage t o  1630 v o l t s  dc. 

not observed. The only r e s u i t  w a s  a s l igh t  increase i n  pulse count. 

Since a usable count was obtained a t  1560 v o l t s  dc and maximum tube l i f e  

i s  obtained when operation of the  tube i s  near  the lower end of i t s  

plateau, it was decided t o  s e t  t he  voltage a t  1560 v o l t s  dc with a 

maximum of 1600 v o l t s  dc.  

Operation beyond the tube ' s  plateau i s  l i k e l y  t o  damage the  

This increased the  GM 

The above mentioned cha rac t e r i s t i c  was 

c .  Noise 

The e f f e c t  of noise was t h a t  it set a l i m i t  t o  the  s i ze  of the  

smallest pulse t h a t  could be detected.  The noise was quasi-sinusoidal 

and had a frequency of approximately 100 kc, the  same as t h e  osc i l l a to r  

frequency. The main source of noise w a s  the  HVPS. It produced a r ipp le  

on t h e  high voltage and switching t rans ien ts  on the  l i n e .  

appeared d i r e c t l y  on t h e  s igna l  while the switching t r ans i en t s  were 

introduced through induction i n  the  umbilical cord and t h e  components i n  

The r i p p l e  
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t he  high densi ty  package. It was a l s o  found t h a t  dust and f ingerpr in ts  

on high voltage components caused same noise and t h a t  t r ans i en t s  i n  t he  

l i n e  were amplified by the  amplifiers.  

Several things were done i n  an e f f o r t  t o  minimize the  noise. 

Some resu l ted  i n  a decrease and some did not.  One t h a t  resu l ted  i n  

negl igible  r e s u l t s  was magnetic and e l ec t ros t a t i c  shielding of the  RVPS 

transformer. The negl igible  r e s u l t s  were a t t r ibu ted  t o  the  inherent 

shielding of the pot core. Since it was not needed, and took up needed 

space, the added shield was discarded. It would have been b e t t e r  t o  

shield the  e n t i r e  HVPS but lack of space prevented t h i s .  Since components 

could not be added t o  compensate f o r  t rans ien ts  and r ipp le ,  f o r  the  same 

reason, it was decided t o  shield the l i nes .  

l i n e s  i n  the  umbilical  cord were twisted together t o  simulate some form 

of shielding. 

The ground and 23-volt augply 

This reduced the  noise pick-up s ign i f i can t ly .  

It w a s  next decided t o  s h i f t  the components around i n  the  module 

The components t h a t  make up the preamplifier were placed as package. 

far away from the  transformer and i t s  associated c i r c u i t r y  as possible.  

Short leads were used and everything was cleaned with alcohol before 

pot t ing  t o  remove dus t  and f ingerpr in ts .  

euvering were t h a t  the  noise w a s  reduced t o  a l e v e l  lower than the  l e v e l  

of t he  majori ty  of pulses a s  seen a t  the input of the  pulse amplif ier .  

Some pick-up i n  the  umbilical  cord was experienced i n  the  f i e l d  when i n  

the v i c i n i t y  of high tension l i nes ,  but t h i s  should be eliminated by 

using a shielded s igna l  l i n e .  I n  t h i s  instance, a d i f fe ren t  locat ion 

The r e s u l t s  of a l l  t h i s  man- 
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was the  easy solut ion as the  module was already packaged and it would not 

have been a simple matter t o  change t h e  umbilical cord. 

7. Other Possible &sign Arrangements 

A s  proposed, t h i s  instrument was t o  have self-contained modules. 

E3y this!  it was meant t h a t  each mcdule was t o  be completely independent 

from a l l  t he  others so tha t ,  if any fa i led  t o  function, none of t he  

others would be affected.  Rather than becoming involved i n  the  problem 

of t ransport ing high voltages long distances, as through t h e  umbilical 

cord, it was decided t o  construct a module containing a high voltage 

power supply, a GM tube and a preamplifier. 

was t o  be done i n  the  capsule. 

Any fur ther  amplification 

Another configuration t h a t  could have been used without losing 

t he  individual i ty  of t he  modules would have been t o  place t h e  HVPS and 

pulse amplifier i n  the  capsule and t h e  SM tube and preampiifier i n  t h e  , 
1 

module. This method was thought t o  present a high voltage transporta- I 

t i o n  problem and possibly t o  introduce a higher noise component by 

induction i n  the  umbilical  cord. It was decided t o  invest igate  t h i s  

approach because it had some decided advantages. 

i 
I 

I 
I A breadboard model was modified t o  simulate t h i s  technique. 

The resul ts  we.re encouraging. 

high voltage without any d i f f i c u l t y  and the  noise l e v e l  was not pro- 

h i b i t i v e  i f  t he  s igna l  and ground wires were t w i s t e d  together.  No 

shielding was used. 

It was found possible t o  transport  t he  

The advantages of t h i s  configuration would be a 

l i g h t e r  module, more space i n  t h e  module fo r  other c i r c u i t s  such as 
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thermal control  c i r cu i t ,  e t c . ,  and a be t te r  s ignal  t o  noise r a t i o .  The 

noise l e v e l  could be reduced subs tan t ia l ly  by adding a few components 

t o  the  RVPS t o  compensate f o r  t r ans i en t s  and r ipp le .  The e n t i r e  HVPS 

c i r c u i t  could a l s o  be packaged separately and completely shielded. This 

.. wouru ..lA e l z s  &e it. possible t o  use 24 vo l t s  dc throughout. The main 

disadvantage would be t h a t  a heavier umbilical cord would be required 

as the  best  way t o  transport  the  high voltage would be through a 

coaxial  cable.  The capacitance of the  coaxial cable would a s s i s t  i n  

damping out any res idua l  r i pp le  so t h a t  would be an a s s e t .  

wire would a l s o  have t o  be a coaxial l i n e .  

The s igna l  

A fur ther  ex tens im of t.he same idea of reducing noise would be 

t o  have only the Geiger-MELler tube i n  the module. 

t r i e d ,  a s  t he re  was nothing fu r the r  t o  be gained. 

This idea was not 

With the gresent HVPS it was found possible t o  operate a t  

l e a s t  two GM tubes.  

any addi t iona l  Components, it should be possible t o  service several  

tubes with one supply. 

loca t ion  i n  the  capsule. 

R .e l iah i l i ty  could be assured by including a back-up supply - i n  other 

words, having a dual system. 

With a s l i g h t  modification, which does not require 

One HVPS could then serve a l l  modules from a 

This could r e su l t  i n  an overa l l  weight reduction. 

E. PRELIMINARY TESTING OF IN SITU INSTRUMl3NT 

1. Mechanical Components 

Before the e lec t ronics  components were avai lable ,  rout ine 

-- 

preliminary electromechanical t e s t i n g  was performed i n  which simulated 

drops a f t e r  capsule e jec t ion  were carried out.  



-- 
a .  Self  -Righting Mechanism 

Operation of t he  se l f - r igh t ing  mechanism was t e s t ed .  I n i t i a l l y ,  

it was found that t h e  short  l egs  located on the  back of t he  module had a 

3endency t o  l i f t  one end of t he  module instead of ro t a t ing  it about i t s  

l ~ ~ g i t u d i n a l  mis.  

the  legs  was away from the  center of mass of t he  module. To eliminate 

the  r e su l t i ng  movement between the plane of ac t ion  of the legs  and the  

center of mass of the  module, t he  l egs  were extended forward until the  

ends were i n  the  approximate plane of the center of mass of t he  unit, 

Figure No.  IV-3. This modification has provided a double benef i t .  

F i r s t  there  i s  no  om& when the l egs  are  re leased.  The module 

r o t a t e s  u n t i l  it comes t o  r e s t  with i t s  f l a t  surface on the  bottom. The 

extremely fas t  ac t ion  of t h e  p is ton  actuator  imparts enough k ine t i c  

energy t o  the  wire l egs  so t h a t  they overtravel t he  s t roke of the 

actuator  and continue t h e i r  t r a v e l  past  t he  e l a s t i c  l i m i t  of t he  wire 

material. The l egs  are,  i n  e f f ec t ,  permanently deformed and, thereby, 

they acquire a longer e f f ec t ive  length which gives b e t t e r  foot ing f o r  

t he  r o t a t i o n a l  motion and be t t e r  s t a b i l i t y  when the  module comes t o  res t .  

This was due t o  the  f a c t  t h a t  t he  plane of ac t ion  of 

b . Ampul Ereaker 

I n  the  or ig ina l  design, provision was made t o  break the  ampul 

by means of a steel  d a r t  sealed with an O-ring t o  prevent contamination 

of t he  medium by the  explosive gases generated by the  Hercules Powder 

OP 152 BO ac tua tor .  

Styphanate, proved t o  be too  powerful. The ampul was shattered i n t o  

This actuator,  loaded with 8 .o mg. of lead 
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glass  powder. Although t h i s  d i d  not a f f ec t  t he  nut r ien t  or i t s  flow i n t o  

the  wick, it d i d ,  on occasion, cause t h e  failure of t he  squib b a r r e l  

re ta in ing  r ing .  A t e s t  fixture was made t o  see if an actuator similar 

t o  the  ones used f o r  the  legs  and b a f f l e  could be used. 

t i m  sf this device l e d  t o  a change i n  the squib b a r r e l  i n  the  module t o  

house t h e  new steel  d a r t  and actuator (Figure No.  IV-5). 

been fo r tu i tous  i n  t h a t  a l l  t he  actuators  i n  t h e  un i t  a r e  now iden t i ca l .  

A small saving i n  weight was a l s o  achieved. 

Successful opera- 

This change has 

c .  Medium Dispersal 

Various wick materials and configurations were studied by 

breaking amp& t o  re lease  water onto the wick. The f i r s t  t e s t s  were per- 

formed using absorbent paper ro l l ed  and f l a t t ened  i n t o  a cross sect ion of 

1/64 x 1/8 inch. 

of flow, however, appeared t o  be too  f a s t  for average s o i l  conditions. 

Later, s t rands of cotton s t r i n g  were t r i e d  out, s t a r f ing  with four s t rands 

of Clark ' s  #10 Mercerized Boi l fas t .  

s o i l  was considered t o  be t o o  fas t .  Reducing the  number of s t rands t o  two 

seemed t o  produce the  desired flow. During our simulated t e s t s  i n  t h e  lab- 

oratory,  s o i l s  of very loose, s m a l l  grains have remained w e t  f o r  periods 

of up t o  16 hours. 

amount of medium provided t o  a minimum of,  say, 0.5 m l .  

d .  Module-to-Surface Seal 

The medium was quickly conducted i n t o  the  s o i l .  The rate 

Again, t h e  flow of medium i n t o  the  

However, it would seem desirable  t o  increase the  

Testing of the f l ex ib l e  be l lows  w a s  done i n  conjunction with 

t h e  t e s t s  performed t o  ascer ta in  the  effect iveness  of medium dispersa l .  

The sea l ing  proper t ies  of the  Bellows were found t o  be qui te  s a t i s f ac to ry  I 

~ 

~ 
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i n  t h a t  they would prevent evaporation of the  medium f o r  long periods of 

time. However, disappointingly low responses occurred i n  the preliminary 

s o i l  tests with the instrument. Invest igat ion of t h e  various component 

systems indicated t h a t  t he  bellows diameter r e s t r i c t e d  gas diffusion 

severely. The effect ive bellows opening was only 0.076 square inch. 

The f l e x i b l e  bellows w a s  replaced by a smooth, hollow cyl inder .  

aluminum bushing 3/4" O.D. x 11/16'I.D. with the  edge i n  contact with 

the  s o i l  sharpened t o  a knife  edge served t h i s  purpose. The sharp edge 

digging i n  the  s o i l  effected the  desired sea l .  The increase i n  cross- 

sec t iona l  area, now 0.37 square inch, gave immediate response improvements 

of approximately t w o f o l d  ~ 

A short  

e.  Carbon Dioxide Getter 

I n  addition t o  t h e  bellows problem, low responses i n  the  ea r ly  

tes ts  were, i n  pa r t ,  a t t r i bu ted  t o  the f a c t  t h a t  t he  ge t t e r  was applied 

t o  0.4 m i l  aluminized Mylar f i lm ra the r  than d i r e c t l y  t o  the  geiger tube 

window. This arrangement was used t o  

prevent contamination of t h e  mica window. I n  the  f i n a l  t e s t s ,  the  Ba(0H) 
2 

was applied d i r e c t l y  t o  the  mica window. This produced a twofold increase 

i n  readout eff ic iency.  

onto t h e  window. ) 

The film was fixed t o  t h e  window. 

(The ul t imate  plan cal led f o r  sput ter ing of LiOH 

After each tes t ,  t he  geiger tube w a s  decontaminated by cleaning 

with acetone applied with a very so f t  camel hair  brush. 

was repeated not l e s s  than s i x  times with no r e s idua l  contamination or 

other ill effec ts  on the  tubes which are  s t i l l  usable.  

This procedure 
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The barium hydroxide coating was applied t o  the  mica window 

the  following method: Clear spray coating Ki-ylon 1301, by f iy lon  Inc 

Norristown, Pa., was sprayed i n  abundance i n t o  a small p e t r i  dish.  A 

s o f t  camel h a i r  brush was wetted with the mater ia l  i n  the  p e t r i  d i sh  

bY 

, 

and, very quickly, the  Krylon was brushed onto t h e  mica window. Imme- 

d ia te ly ,  another clean brush was dipped i n t o  dry barium hydroxide powder 

and gently tapped over the  geiger window t o  spread the  powder over it 

before the  Krylon had a chance t o  dry. Excess barium hydroxide was 

removed by carefu l  sweeping with the  brush a f t e r  the  Ki-ylon had dr ied .  

The following combinations of ge t t e r  mater ia ls  and binders 

were t r i e d  i n  order t o  improve the Cl4O2 co l lec t ion  e f f ic iency  f o r  t h e  

tests : 

%(OH) 
Ascarige powder + Krylon 
Ba(0H) + Silicone grease 
LiOH pgwder + KrylOn 

+ Plas te r  of Par i s  (54 i n  H 2 0 )  

None of these  w a s  as e f fec t ive  as the barium hydroxide and Krylon. 

Unfortunately, time d i d  not permit experimentation with LiOH sput ter ing 

t o  produce ge t t e r  surfaces .  

2 .  Elec t rGi l ie  Cmps2ell ts 

a.  Detector Efficiency 

Several radioact ive sources were prepared by t h e  radiat ion 

laboratory f o r  use as standards i n  determining t h e  e f f ic iency  of the  

module. The sources were prepared by plat ing s i x  one-half-inch-dia- 

meter f i l t e r  paper d i sc s  with 0.01-0.02 ml. g 1 u c o ~ e - l - C ~ ~  solut ion having a 
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spec i f i c  a c t i v i t y  of 2.5pc/ml.  

taken on a laboratory counter whose e f f ic iency  f o r  s o f t  beta  w a s  30%. 

From t h i s  and the  count obtained on the  module, it was determined t h a t  

the  e f f ic iency  of t he  module f o r  s o f t  beta rad ia t ion  was 6$. 

No. IV-1 gives the  data from which computations were made. 

of several  counts i s  what i s  noted under module counts. Source No. 1 

gave a low count but t h a t  was because it had been used previously and 

was frayed by the  time the  data  were taken. Source No. 5 gave a high 

count. 

Since the  sources were used previously several  times, with No. 1 

source being used most frequently and the r e s t  randomly, it i s  possible 

t h a t  No. 5 source was l e s s  worn than any of the others.  The rest of the  

sources gave comparable r e s u l t s  as evidenced by the  percentages obtained 

from each. 

One-minute counts of each " p i l l "  were 

Table 

The average 

Any explanation f o r  t h i s  occurrence would be merely speculation. 

b.  Carbon Dioxide Getter 

I n  the  preliminary experiments using s o i l  samples, it was 

decided t o  add  a Mylar window t o  the  GM tube t o  f a c i l i t a t e  cleaning 

between experiments. The Mylar w a s  0.4 m i l  th ick.  Krylon was sprayed 

on the Mylar t o  a c t  as an adhesive f o r  the barium hydroxide g e t t e r .  

Mylar window Krylon ge t t e r  combination proved t o o  absorbent. 

Mylar window i n  place and no ge t te r ,  the counts obtained with the  

standard sources were a t  best  one-third of t h a t  without the Mylar. It 

w a s  then decided t o  put t he  ge t t e r  d i r e c t l y  on the mica window. 

r e s u l t s  were obtained using t h i s  method. 

The 

With the  

G o d  

To insure t h a t  no pulses were 



Table N-1 - Module e f f ic iency  f o r  so f t  beta  rad ia t ion  

ONE MINUTE COUNTS COMPUTED 
STANDARD SOURCE TABORATORY MODULE 

NUMBER couNTEEi* MODULE EFFICIENCY $ 

8013 

7290 

5642 

6977 

5141 

7557 

1413 

1447 

1173 

1415 

1206 

1542 

5.30 

6.04 

6.24 

6.09 

7-05 

6.11 

*Sharp Lab., Inc. ,  Widebeta proport iocal  gas flow counter (30% eff ic iency)  

IV-46 



--- 
being generated or l o s t ,  counts were taken a t  various check points .  

Circled numbers on Figures No. IV-8 and No. IV-10 denote these check 

points .  There was observed a one-to-one Correlation between the  output 

of the  tube, check point 1, and the  output of t he  amplifier.  The very 

small pulses appearing a t  check point 1 were blocked out i n  the ampli- 

f ier  along with t h e  noise i n  the  l e v e l  selector c i r c u i t  consisting of 

r e s i s t o r s  R2 and R3,  Figure No. IV-10. Since the  number of very small 

pulses w a s  not large,  it was thought tha t  t h i s  compromise could be made 

a s l i gh t  count loss  i n  favor of a considerable reduction i n  noise. It 

was f e l t  t ha t ,  i n  subsequent designs, the placement of t he  HVPS i n  the  

capsule ra ther  than i n  t h e  module would be advantageous i n  t h i s  respect .  

c .  Power Requirements 

The overa l l  power requirements, exclusive of heating require-  

ments, were 57 milliamperes a t  24 v o l t s  dc. In  addition, there a re  

three  squibs t h a t  open legs  break t h e  nutr ient  ampul, and move the  

b a f f l e .  These squibs require  1 .0  ampere f o r  10 milliseconds. These 

a r e  momentary loads, but it i s  recommended t h a t  the  c i r c u i t  be opened 

after f i r i n g  t h e  squibs as they a r e  not guaranteed t o  be open c i r c u i t s  

after f i r i n g  . 

F. FIELD TESTING OF I N  SITU INSTRUMENT -- 
Following i s  a description of a t yp ica l  test  performed i n  the  

f i e l d  i n  back of t h e  L i f e  Systems Division laboratory a t  Reston, Virginia.  

For t h e  purpose of "landing" the  module, an undisturbed area 

f r e e  of grass w a s  chosen. AC power, obtained through an extension cord 



-- 
100 f e e t  long, was used t o  operate the  Nuclear-Chicago Model 186 counter, 

a Harrison Labs 6202 A DC power supply, and an oscilloscope, Tektronix 

561 A ,  with dual t r ace  amplifier,  Type 31, 3B3 time base and high 

voltage probe ~6013 (Figure No. N-12). 

A junction box housed t h e  electronic  components which would be 

i n  a landing capsule. This box a l s o  contained the  push botton switches 

t o  operate the squibs i n  the module. The junction box was connected t o  

the  m o d u l e  by means of an umbilical cord through which power was t r ans -  

mitted and output s ignals  were returned and directed t o  the  Nuclear- 

Chicago counter. 

I n  preparing for  the  t e s t ,  the medium ampul and t h e  ampul 

breaker were assembled i n t o  the  module. The secondary ge t t e r  was f i t t e d  

with f i l t e r  paper d i sc s  t o  receive t h e  saturated solution of barium 

hydroxide. The geiger tube without ge t te r  mater ia l  was temporarily 

assembled i n  the  module and e l e c t r i c a l  connections were made t o  the  

e lec t ronic  module. The geiger c i r c u i t  response w a s  checked out by 

applying power, placing a standard source i n  f ront  of the  clean window 

and observing the  count r a t e  i n  the Nuclear-Chicago counter. If t h e  

count rate was normal fo r  t h a t  par t icu lar  source, it was assumed t h a t  

the  u n i t  was working properly. 

removed from i t s  housing without breaking the  e l e c t r i c a l  connections. 

The C1402 ge t t e r  was then applied t o  the window of the  geiger tube a s  

previously described. The geiger tube was re ins ta l led  i n  i t s  working 

posi t ion i n  t h e  module and again checked e l e c t r i c a l l y .  Immediately 

The geiger tube was then carefu l ly  

I 
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thereaf te r ,  t h e  secondary ge t te r  f i l t e r  paper washers were wetted with 

barium hydroxide solut ion and  t h e  secondary g e t t e r  ins ta l led ,  protect ing 

the  primary ge t t e r  i n  t h e  geiger window from the  atmosphere. 

The preceding operations were usually carr ied out i n  the 

laboratory a f t e r  t h e  f i e l d  tes t  s i t e  has been chosen and the  r e s t  of 

the  experiment was readied on s i te .  

The module w a s  then carried out t o  the  tes t  si te,  a l l  e l e c t r i c a l  

connections made, and the  equipment turned on. Check-out was usual ly  

carried aut by taking a 15-minute background count. Once it was estab- 

l ished t h a t  t h e  systems were working, the module was dropped on the  

ground from a height of several  feet and the  t e s t  begun. 

F i r s t ,  t he  squib t h a t  re leases  the  legs  was act ivated.  The 

module then assumed the  tes t  posi t ion on the  ground. 

chamber was formed by t h i s  act ion as the  bellows contacted t h e  ground. 

Another background count was taken, usually f i v e  muntes long, a f t e r  which 

the  medium ampul was broken. 

metabolic C 02. 

i n i t i a l  phase of t h e  tes t ,  t he  only l o s t  t i m e  being t h a t  necessary t o  

reset the  counter t o  zero a f t e r  each minute in te rva l .  Five minutes l a t e r  

t he  medium ampul was broken, and the  secondary ge t t e r  was moved out of 

co l lec t ing  posi t ion by f i r i n g  of a squib. 

window of t h e  geiger tube was thus uncovered. *om then on, t he  meta- 

bo l i c  phase of t h e  experiment continued f o r  t he  time required. During 

f i e l d  t e s t ing ,  readings were taken and recorded near ly  every minute. 

The metabolic 

The secondary ge t t e r  began t o  co l lec t  non- 

14 The count r a t e  was monitored every minute during the  

The primary ge t te r  on t h e  
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Figure No. 11-3 i s  the  curve produced by the  f i e l d  t e s t  performed on 

May 27, 1966. 

Section 11, D. 

Biological d e t a i l s  of t h i s  t e s t  can be found in 
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V. RECOMMENDATIONS CONCERNING RADIOISOTOPIC BIOCHEMICAL PROBE 
FCR MTRATERRESTRXAL LIFE 

A. RATIONALE 

Additional knowledge t o  be gained by impending observations of 

Mars may a f f e c t  t he  design of the  radioisotopic biochemical probe i n  minor 

or major ways. Advanced technological developments might do the same i n  

the time remaining before the  experiments must be "frozen" fo r  an ac tua l  

space f l i g h t .  However, a t  t h i s  point i n  the development program of t h i s  

experiment and i n  NASA's planetary exploration program, it seems appro- 

p r i a t e  t o  take stock and make some recommendations. 

B. INSTRUMENTS 

Breadboard models of Mark I11 Gulliver have been repeatedly 

tes ted  i n  the  laboratory and i n  the  f i e l d  with success. It i s  recommended 

t h a t  t.his type of instrument be included i n  the  ex2erihent. 

Testing of t h e  Mark I V ,  i n  s i t u  model, has only begun. It cannot -- 
be evaluated on the  same basis as the Mark 111. Intensive t e s t i n g  of the  

Mark IV should be conducted. If t h i s  model a l s o  proves i t s e l f ,  t he  experi-  

ment should be conducted i n  both t h e  Mark I11 and Mark N instrument 

configuraiiuiis. Kzrk 111, Figlye No; V-1, r e t r i eves  a s o i l  sample and 

conducts t h e  experiment inside a closed, or almost closed, chamber. The 

"s t icky s t r ing"  sampler in tegra tes  the sample over any l i nea r  distance 

desired.  Conducting the  experiment i n  the chamber permits be t t e r  envir-  

onmental cont ro l  over such f ac to r s  a s  temperature, pressure and humidity. 

The Mark IV, or -- i n  s i t u  instrument, Figure No. IV-3, has the  advantage 





-- 
of conducting the  experiment i n  the  undisturbed environment. This i s  

espec ia l ly  important i f  photosynthetic organisms are encountered. I n  a d d i -  

t i on ,  however, t h i s  instrument a l s o  samples i n  depth i n  t h a t  t h e  medium 

i s  free t o  percolate  through the  s o i l .  

p lanetary surface be very high, it i s  possible t h a t  the  majori ty  of t he  

microorganism population would l i e  beneath t h e  pro tec t ive  surface.  

Should t h e  u l t r a v i o l e t  f l u x  a t  the  

An important problem associated with the  i n  s i t u  instrument -- 
needs t o  be resolved. 

the  l iqu id  medium evaporate too  rap id ly  through t h e  imperfect instrument- 

ground seal  and by percolating through the ground under t h e  instrument w a l l  

followed by cap i l l a ry  r i s e  t o  the  atmosphere? If t h i s  problem ex i s t s ,  per- 

haps it can be overcome by increasing the amount of m e d i m  carr ied.  

diameter of the  bellows might a l s o  be increased t o  decrease the  loss of 

medium through t h e  percolat ion route .  A re la ted  problem deserving a t t en -  

t i o n  i s  determining t o  what degree t h e  C02-getting capacity of the  ge t t e r  

w i l l  be spent on ambient GO 

incubation chamber. 

Under t h e  low atmospheric pressure on Mars, w i l l  

The 

on M a r s  contained i n  and leaking i n t o  the  
2 

Photosynthesis tes ts  have been developed f o r  both types of 

instruments. No 

attempts t o  de tec t  photosynthetic a c t i v i t y  i n  the  f i e l d  have been made. 

Such tests should now be made. They may adequately j u s t i f y  the  ins t ru-  

mental approaches. However, it i s  possible, or even l i ke ly ,  t h a t  the  

All of t h i s  work has been confined t o  t h e  laboratory.  

numbers of photosynthetic microorganisms encountered on land may not 

produce adequate responses. 

it i s  recommended t h a t  more sens i t ive  photosynthesis detect ion tests be 

Should f i e l d  t e s t s  f ind t h i s  t o  be the case, 
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developed because the  photosynthesis question on Mars is  an extremely 

important one. 

The Mark I11 instrument would include the  heterotrophic- 

photosynthetic experiment through the  incorporation of a midget lamp 

t imed  t o  give a l t e rna te  l ight and dark periods, each of one hour duration. 

The Mark I11 instrument should be supplied i n  pa i r s ,  one t e s t  un i t  and 

one control  un i t ,  with the  number of pa i r s  depending on the capacity of 

the  lander.  

instrument a re  described i n  the Second Annual Progress Report (11). 

The timing sequence and logic  system for t he  Mark I11 

A temperature and a pH probe should be incorporated i n t o  t h e  

incubation chamber and readings of temperature and pH made with the  

same frequency as those on rad ioac t iv i ty  of co l lec t ive  gas. 

If t h e  i n  s i t u  f i e l d  t e s t i n g  program i s  successful, multiple -- 
i n  s i t u  u n i t s  should be incorporated i n t o  t h e  lander f o r  in jec t ion  onto 

the  planetary surface.  

capacity of t he  lander.  Two d i f f e ren t  types of i n  s i tu  un i t s  should be 

provided if the  photosynthetic experiment i s  included. One type w i l l  

perform t h e  bas ic  , labeled substrate  experiment and a l s o  iworpora te  a 

l i g h t  s o  t h a t  t he  heterotrophic-photosynthetic experiment can a l s o  be 

cmducted i n  t h i s  u n i t .  The second type of un i t  w i l l  perform the  s t r i c t  

phototroph experiment through the  provision of a l i g h t  source similar t o  

t h a t  i n  t h e  first type of un i t  and, i n  addition, a supply of C1402.  A 

means f o r  expel l ing the  excess C1402 and replacing it with the planetary 

atmosphere w i l l  be provided. These features  have yet t o  be incorporated 

-- 
The number of un i t s  w i l l  again depend upon t h e  

-- 
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-- 
i n t o  the  i n  s i t u  model. Both basic  types of i n  s i t u  u n i t s  should a l s o  

contain temperature probes. 

-- -- 

The timing sequence and log ic  systems f o r  both types of i n  s i t u  -- 
u n i t s  remain t o  be engineered. However, the un i t  conducting the  bas ic  

Gulliver experiment and the  he t e ro t r  ophic-phot osynthet i c  experiment 

should be programmed t o  achieve the  same operations as t h a t  of the  Mark I11 

instrument . 

1 

It i s  suggested t h a t  t he  un i t  i n  which the  s t r i c t  phototroph 

experiment i s  conducted provide f o r  a six-hour period of simultaneous 

exposure of t h e  surface sample t o  l i g h t  and the  C 

ment of t h e  labeled carbon dioxide with planetary atmosphere, t h e  l i g h t  

should be extinguished and the gas col lect ion and counting system act i -  

vated.  The log ic  system should provide for  the  i n s t i t u t i o n  of a 

suggested one-hour l ight-dark cycle once the rad ioac t iv i ty  collected fro= 

t h e  tes t  u n i t  exceeds twice the  l e v e l  of the  control .  A temperature 

probe should a l s o  be in s t a l l ed  i n  t h i s  uni t  and readings obtained a t  the  

same time as the  r ad ioac t iv i ty  readings.  

Either of t he  two types of i n  s i t u  instruments can function as 

A log ic  

14 
02. 

Following replace-  

-- 
t e s t  or cont ro l  un i t s ,  both being provided with antimetabolite.  

system t o  determine which of t h e  u n i t s  should become t e s t s  or controls  

has ye t  t o  be designed. I n  i t s  minimally sophisticated form, t h i s  system 

should base the  decision on t h e  number of e jected u n i t s  which survive up 

t o  t h e  poin t  of i n i t i a t i o n  of t he  experiment. 



The number of i n  s i t u  un i t s  which can be accommodated i n  the -- 
lander w i l l  determine the  degree of redundancy desired within each u n i t .  

Such redundancy can be achieved by using duplicate squibs, ampul 

breakers and l e g  re lease  systems. 

A s  e lec t ronics  developments occur, it may be possible  t o  

subs t i t u t e  a r ad io  l i n k  between the  capsule and i n  s i t u  modules f o r  t he  

umbilical  cord. If t h i s  were done, it would a l s o  be necessary t o  equip 

each module with a power supply. The s t a t e  of t he  a r t  a t  t he  time of 

f i n a l  design w i l l  determine the  trade-off.  

-- 

One e lec t ronics  improvement which is  advisable now i s  the  

cent ra l iza t ion  of t h e  individual  high voltage power supplies for t he  

i n  s i t u  u n i t s  i n t o  t h e  lander capsule. 

demonstrated i n  t h i s  program, supplied over t he  umbilical  cord without 

a penalizing voltage drop. 

The high voltage can be, as was -- 

Two such cent ra l  high voltage power supplies 

should be used for t he  sake of redundancy. 

decrease t h e  weight of the  individual i n  s i t u  u n i t s  and t o  decrease the  

weight of t h e  overa l l  lander .  

The net  e f f ec t s  w i l l  be t o  

-- 

Provision for  insuring tha t  a l l  squib c i r c u i t s  are open a f t e r  

f i r i n g  should be made. 

C. MEDIA 

1. Basal Media 

The t e s t  organism spectrum has responded t o  both types of basal 

media developed i n  t h i s  program: t h e  r e l a t ive ly  simple medium, f ina l ized  

as M9, and the  d i l u t e  complex one, f inal ized as M l O .  While Ml1 ( M l O  
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made w i t h  Mg as d i luent  r a the r  than with water) has not been t e s t ed  as 

extensively as M l O ,  because it was developed r a the r  l a t e  i n  the  program, 

the  improved ionic  s t rength d i d  show t o  advantage. 

t h a t  any of the  species tes ted  would have been inhibi ted by the  inorganic 

sal ts  i n  concentrations up t o  those present i n  Mg since M9, i t s e l f ,  

proved t o  be a "universal" medium f o r  the tes t  species .  

extensive t e s t  program for  Ml.1 should be conducted t o  prove t h i s .  

It i s  most doubtful 

However, an 

Thus, t he  two basa l  media for the experiment a r e  Mg and M l 1  

with t h e  p o s s i b i l i t y  t h a t  Ml.0 w i l l  be subst i tuted f o r  M11 i f  the  la t te r  

tests unsa t i s f ac to r i ly .  

How much t o  infer  from t e r r e s t r i a l  biology i_n_ planning 

exobiological experiments i s  a d i f f i c u l t  matter t o  decide. 

of media development, two pr inc ipa l  arguments a r e  possible:  

I n  the  area 

a .  

b .  

TJse aqueous solutions containicg inargznic s a l t s  and 

labeled substrates  as the  t o t a l  medium. This approach 

adds  the  fewest ingredients and thus minimizes poten- 

t i a l  t o x i c i t y  t o  the  a l i en  organisms. 

Use the  labeled substrates  i n  a d i l u t e  complex medium. 

This c?,tfers a w i d e  a r r a y  of candidate nut r ien ts  t o  the  

organisms . 

The experimenters have not reached agreement on a medium recommendation. 

One considers t h a t  the  chances of success would be maximized by the  use 

of simple media only; t he  other t h a t  both simple and complex media should 

be employed. This question i s  not urgent a t  the  present time, however. 



t -- 
We suggest t h a t  a decision be postponed until the  matter can be given 

f u l l e r  considerat ion.  

If the  spacecraft  has suf f ic ien t  capacity, addi t iona l  Gulliver 

units should contain a dupl icate  set  of media t o  which 10 g/L and 5 g/L 

of K2HP04 and KH,PO4, respect ively,  a re  added f o r  buffer ing capacity 

t o  pro tec t  against  possible acid s o i l  of the  in t e r f e r ing  type.  

Racemic mixtures of op t i ca l ly  act ive media const i tuents  should 

be used. 

2 .  Labeled Substrates  

Essent ia l  t o  the  development of the f i n a l  media w a s  the  

se lec t ion  of appropriate labeled compounds. Several c r i t e r i a  were used 

t o  determine the  radioact ive nut r ien ts :  they must be metabolized and 

incorporated i n t o  an evolved, detectable  gas; be u t i l i zed  by a wide 

ra*lge of organisms; be chemically and radioact ively s tab le ;  and be 

compatible with other media const i tuents .  

De%ailed s tudies  were conducted on the following subs t ra tes  

l i s t e d  i n  Table N o .  V - 1 .  

Each labeled substrate  was tes ted with pure cu l tures  and with 

soli inocula.  Each was i e s t e d  liidl-<idud->Jr =E:! ~ . ~ j f , h  t h n e  n t . h e r  carbon 

labeled subs t ra tes ,  general ly  M5,  M9 and M l O ,  t h a t  had already been 

incorporated i n t o  the  developing "standard" media. 

Once a substrate  showed promise, various concentrations and 

r a d i o a c t i v i t y  l eve l s  were investigated t o  ad jus t  toward optimal 

s e n s i t i v i t y .  To preclude undue inh ib i t ion  of some species,  pa r t i cu la r ly  
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Table V - 1  - Labeled substrates  tes ted i n  Gulliver program 

1. 

2 .  

3 .  

4. 

5.  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

i4. 

15.  

16 e 

17. 

18. 

i9. 

20 D 

21. 

22 

23.  

Sodium f ormate-C 14 

D-glucose-U.L. -C 14 

Sodium acetate-1-C 1 4  

Sodium pyruvate-1-C 14 

Glycine -1 

Glycine - 2 - C 14 

D L - a ~ p a r t i c - 4 - C ~ ~  a c i d  

DL-glut amic -1 -,I4 acid 

DL-sodium lactate-1-C 

randomly labeles S I 4  yeast  ex t rac t  

DL-<-alanine -CIk  

14 

DL-malic acid-3-C 11 

N i t r i l o t r i a c e t i c  acid-C 14  

D L - ~  yr os ine - 1 -elk 

urea - ~ 1 4  

Acetaldehyde - 1-2 -C14 

DL-phenylalanine - 1 - C 1 4  

DL-serine - l - C 1 4  

~ucciuic-l-&L U.L. - - 2  1 U  2 

Cysteine-S 35 

Sodium sulfate-S 35 

14 DL- t y r  osine - i -C 

35 Sodium t hiosulf  ate-S 

V - 9  



some i n  so i l s ,  t he  carbohydrate concentrations were kept lower than those 

generally incorporated i n t o  standard laboratory media. The benef i t  of 

these reduced concentrations was demonstrated. Here the  radioact ive method 

o f fe r s  another advantage i n  t h a t  i t s  s e n s i t i v i t y  conveniently permits the  

use of concentrations of carbohydrates too low t o  produce v i s i b l e  growth 

by conventional microbiological methods. I n  the la t te r  cases, exponential 

growth must be supported f o r  one or two days or more. 

O f  the  labeled subs t ra tes  l i s t ed ,  experimental data s t rongly 

support the use of formate, glucose, l a c t a t e  and glycine from the  stand- 

point  of b a c t e r i a l  responses obtained. However, the  formate, while 

f requent ly  the most ac t ive  subs t ra te  i n  terms of C l 4 O  

vide v a r i e t y  of Ioicrccrganisms, was the chief offender i n  evolving non- 

metabolic C140 

e f f e c t  when tes ted  i n  media not addi t ional ly  buffered. To a l e s se r  degree, 

glycine reacted s imi la r ly .  

production with a 
2 

from those f e w  acid s o i l s  producing t h i s  undesirable 2 

O f  these four primary substrates,  formate, glycine and l a c t a t e  

were iden t i f i ed  among the  products of the  Urey-Miller reac t ion .  Thus, on 

t h e  t h e o r e t i c a l  grounds t h a t  these three compounds were l i k e l y  t o  have 

been ava i lab le  l i f e  precursors on Mars as  they were on Earth, t h e i r  

s e l ec t ion  as log ica l  subs t ra tes  fo r  the  experiment i s  reinforced.  

While succinic acid d i d  not improve t e s t  responses when added 

t o  the  other carbon labeled substrates ,  it i s  selected because of i t s  

importance i n  intermediate metabolism on Earth and hence i t s  po ten t i a l  

importance on Mars. Furthermore, it has been shown (12) t o  enhance sub- 

s t r a t e  phosphorylation of glucose by w i l d  populations of microorganisms. 
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35 
A s  i n  the  case with succinic a c i d ,  t h e  S 

d i d  not mater ia l ly  improve t e s t  responses when added t o  the  C 

strates.  

number of instances,  espec ia l ly  with the  su l fur  bac te r i a .  They a re  

selected for use - preferably i n  a separate Gulliver - because it i s  

possible  t h a t  a l i e n  organisms might respond t o  the  su l fur  compounds 

and not t o  the  carbon offer ings.  

compounds selected 

14 sub- 
, 

However, when used alone, they d i d  e l i c i t  good responses i n  a 

The spec i f ic  a c t i v i t i e s  recommended were determined from 

experiments with compounds labeled i n  one posi t ion only. These values 

were used t o  ca lcu la te  values f o r  the  corresponding uniformly labeled 

compounds. The precise  spec i f ic  a c t i v i t i e s  were sometimes dependent on 

the  pa r t i cu la r  batch produced by the  suppliers.  The recommended labeled 

subs t ra tes  are shown i n  Table No. V-2.  

Except f o r  the  s t r i c t  phototroph detect ion experiment, t h i s  

f u l l  complement should be incorporated in to  the  media. If su f f i c i en t  

capaci ty  exists i n  the  capsule, addi t ional  port ions of basal media ,  

again i n  t h e  p r i o r i t y  o r ig ina l ly  recommended, containing a l l  of t he  

labeled subs t ra tes  except t he  formate and glycine, should be added t o  

addi t iona l  instrument un i t s .  

The subs t ra tes  l i s t e d  i n  Table No. V-2 should be uniformly 

labeled where more than one isotope posit ion i s  possible .  

t he re  i s  no b a s i s  fo r  an t ic ipa t ing  stereoisomer preference by a l i e n  

organisms, racemic mixtures of the labeled subs t ra tes  - where applicable 

should be supplied.  

Since 
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Table V-2 - Recommended labeled substrates  

$4 sodium l a c t a t e  
I 

i c~~ sodium formate 

~ ci4 glucose 
1 

I ~ 3 5  cysteine 

S35 sodium th iosu l f a t e  

20.0 

21.6 

16.5 

10.2 

13.2 

4.3 

14.0 

mM u c / d  

0.25 5.0 

0.36 7.8 

0.24 3.9 

0.22 2.6 

1.26 16.4 

0.58 2.5 

0.70 10.0 

0.002 

0.006 

0.002 

0.002 

0.015 

0.007 

0.110 

v-12 



i D. A " E U B O L I T E S  

appl ica t ion  of t he  medium. I n  t h i s  manner, t h e  heat w i l l  not degrade 

1. Bard-Parker 

On t he  basis of t he  experimental work performed, recommendation 

i s  made f o r  t he  use of Bard-Parker germicide as the antimetabolite.  It 

demonstrated c l ea r  super ior i ty  over any other of the  chemicals and 

preparations l i s t e d  i n  Table N o .  V-3 .  

The composition of t h e  Bard-Parker i s  given i n  Table NO. V-4 .  

v-13 



Table V-3 - Antimetabolites tes ted i n  Gulliver program 

I 

i 

Bard-Parker Germicide (isopropanol, methanol, formaldehyde 

hexachlorophene ) 

Acetic acid 

Bar ium hydr oxid e 

Calcium hypochlorite 

Airken A-3  (n-alkyl dimethyl benzyl ammonium chloride, sodium 

carbonate, tetrasodium ethylene diamine t e t r a c e t a t e ,  nonphenoxy- 

ethylene, ethanol, e s sen t i a l  o i l s )  

Hysol (soap, orthohydroxydiphenyl, alcohol, pine o i l ,  propylene 

glycol, glycerol)  

Amphyl (potassium r ic inolea te ,  o-phenylphenol, p - t e r t i a r y  

amphylphenol, alcohol, propylene glycol, glycerol)  

Acrolein (CH2 = CHCHO) 

Argyrol (comerc ia1  preparation of 16 s i l v e r  pro te in)  

Mercuric chloride 

Bard -Parker i n  con junction with dimethyl sulfoxide (DMSO) 

Brook Aleotex Concentrate (a commercial iodine-detergent 

c omple x ) 

For maid e nyd e 

Beta propiolactone 

Ethylene oxide 



Table V-4  - Bard-Parker d i s infec tan t  

CONSTITLTENT 

I s opr oponal 
I 

Methanol 

Formaldehyde 

I 
Sodium salt  of 

2,2' methylenebis 
(2,4,5 - t r i ch lo r  ophenol) 

Inact ive ingredients  

v-15 

PERCENT 

65.26 

2.75 

8.00 

0.50 

23 49 
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V I .  MANAGEMJBVT, PERSONNEL, CONF-CES, PUBLICATIONS 

A .  MANAGEMENT 

Q? August 1, 1965, Hazleton Laboratories, Inc., es tabl ished the  

Life Systems Division with Dr. Gilbert  V. Levin a s  Director. The Gulliver 

personnel and program were immediately t ransferred t o  the new divis ion which 

opened a f u l l y  equipped, 12,000 square foot  laboratory a t  Reston, Virginia.  

The Life Systems Division contains i t s  own bioengineering s t a f f  

i n  which the engineering design f o r  the  program was executed. 

of the  p a r t s  so  designed was performed i n  the adjacent Instrument 

Development Company, a s i s t e r  d iv is ion  of Hazleton Laboratories, Inc .  

Fabrication 

B. PERSONNEL 

During the  year, George R .  Perez, the o r ig ina l  design engineer 

on the  Gulliver instrumentation subcontract, joined Hazleton Labmatmies ,  

Inc. ,  as  Senior Design Engineer i n  charge of t he  bioengineering sect ion 

of t h e  Life  Systems Division. He assumed respons ib i l i ty  f o r  the  

engineering aspects  of t he  program. 

Other technical  personnel who worked on the  reported areas  were: 

Dr . Richard Pledger, microbiology 

Paul Wilkins, instrumentation 

Luis Baez, instrumentation 

Mrs. Rose Pock, microbiology 

Mrs. Judy Onopchenko, microbiology 

Lesley Hulse, microbiology 
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Mrs. Mary Frances Thompson, no longer w i t h  Hazleton Laboratories, 

Inc. ,  kindly ass i s ted  i n  the  preparation of t h i s  repor t .  

Co-experimenters on the project  continued t o  be Dr. Gilbert  V.  Levin, 

Hazleton Laboratories, Inc. ,  and D r .  Norman H. Horowitz, Biology Division, 

California I n s t i t u t e  of Technology. 

C .  COWrnENCES AND PUBLICATIONS 

The following papers were presented i n  connection with t h i s  program: 

Life Detection by Means of Metabolic Experiments, Gilber t  V.  Levin 

and George R. Perez. 

the American Astronautical  Society, May 24, 1966. 

Presented at  t h e  12th Annual Meeting of 

E x t r a t e r r e s t r i a l  Life Detection with Isotopes a d  Some Aerospace 

Applications, Gilbert  V. Levin. Presented a t  1st Symposium on 

Radiogsotope Applications February 1 5  -17, 1966, Dayton, Ohio. 

Radioisotopes for Aerospace, Vol. 11, Systems and Applications. 

I n  Press, Plenum Press, Plenum Publ. Co., New York, N. Y. ,  1966. 

Dr. Horowitz presented space biology l ec tu re s  before the  Biophysical 

Society i n  San Francisco i n  February, 1 9 6 5  and a t  Cornell, Chicago, and Seton 

Hal l  Colleges i n  October, 1965. 

Drs. Levin and Horowitz attended the  JPL-Caltech Lunar and 

Planetary Colloquium a t  the  California I n s t i t u t e  of Technology, September 13- 

17, 1965 - 
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On Apri l  22, 1965, Dr. Levin appeared on the  Tonight Show with 

I Dave Garroway and discussed Gulliver. 

The CBS Special  Reports team photographed and taped scenes w i t h  
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V I I .  R-CES 

Radioisotopic Biochemical Probe fo r  Ex t ra t e r r e s t r i a l  L i f e ,  Fourth 
Annual Progress Report, Contract No. NASr-10, submitted t o  National 
Aeronautics and Space Administration, Hazleton Laboratories, Inc . , 
Fa l l s  Church, Virginia (Mar. 1965). 

Radioisotopic Biochemical Probe f o r  Ex t ra t e r r e s t r i a l  L i f e ,  Third 
Annual Progress Report, Contract No. NASr-10, submitted t o  National 
Aeronautics and Space Administration, Hazleton Laboratories, Inc . , 
Fa l l s  Church, Virginia (Mar. 1964). 

Op. c i t .  1, p. 11-100. 

Stotzky, G. and A. G. Norman. Factors Limiting Microbial Ac t iv i t i e s  
i n  Soi l ,  I .  The Level of Substrate, Nitrogen and Phosphorus, Archiv 
f b  Mikrobiol. - 40, 341 (1961). 

. Factors Limiting Microbial Ac t iv i t i e s  
i n  Soi l ,  11. The Effect of Sulfur,  Archiv f b  Mikrobiol. - 40, 370 
(1961 1. 

. Factors Limiting Microbial Act iv i t ies  
i n  Soi l ,  111. Supplementary Substrate Additions, Can. Jour .  Micro- 
b i o l .  - 10, 143 (1964). 

Op. C i t .  1, p. 11 -101 to  11-105. 

R o d e ,  L. J .  and J . W .  Foster.  Germination of Bacter ia l  Spores by 
Long-chain Alkyl Amines, Nature - 188, 1132 (1960j. 

~ p .  c i t .  1, p. 11-68. 

Levin, G. V .  Rapid Microbial Determinations with Radioisotopes, i n  
Advances i n  Applied Microbiology, Vol. 5, p .  105, Academic Press, 
New York (1963). 

Radioisotopic Biochemical Probe f o r  Ex t ra t e r r e s t r i a l  Life, Second 
Annual Progress Report, Contract No. NASr-10, submitted t o  National 
Aeronautics and Space Administration, Resources Research, Inc . , 
T.7- -I. 2 - A _ _  w a a i i i r i & u u v n ,  E. C. (YST. 1963). 

Levin, G. V. ,  Metabolic Uptake' of Phosphorus by Sewage Organisms, 
Ph.D. Dissertatlon, The Johns Hopkins University, Baltimore (1963). 

NASA Management Manual Instruct ion 4-4-1. 

Behavior of Materials i n  Space Environments, Am. Rocket SOC. 
Journ., Jl'L Tech. Rept . No. 32-150 CIT (Mar. 1962). 
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